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o ^H^h.* comer— P ^ far producing rross-linked polymers, and 
rmss-linkab le oolvmers 

The present invention relates to a composition of unsaturated polymers, in the 
polymer backbone of which is bonded a strained cycloalkenylene. with a one- 
component catalyst for metathesis polymerization which is induced thermally or by 
actinic radiation; a process for the polymerization of the composition; materials 
coated with the composition or the polymerized composition, and shaped articles 
of the crosslinked polymers; and crosslinkable polymers. 

Thermally induced ring-opening metathesis polymerization using catalytic amounts 
of metal catalysts has already been known for a relatively long time and desenbed 
in many cases in the literature [see. for example. Ivin. K.J., Olefin Metathesis 
1-12 Academic Press. London (1983)1 Polymers obtainable in this way are 
prepared industrially and are commercially obtainable, for example under the trade 
name Vestenamer*. The industrial preparation is earned out using highly reactive 
two-component catalysts, as a rule transition metal halides. for example WCI. and 
meta.-alky.enes. for example zinc, a.uminium- or tin-a.ky.ene. The polymerization 
or gelling starts immediately after a cycloolefin has been combined with the two 
catalyst components. The mixtures of cycloolefin and catalyst therefore have 
exceptionally short pot lives, and they are suitable in practice only in the reaction 
injection moulding process (RIM process). The severe heating of the reaction 
mixture due to the heat of reaction, which .mposes very high technical 
requirements on a controlled reaction temperature, is also a disadvantage. It is 
therefore difficult to adhere to a porym r specification. 

WO 93/13171 describes air- and water-stable one-component and two-component 
catalysts based on m lybd num and tungsten compounds containing carbonyl 
groups and ruth nium and osmium compounds having at least one polyene ligand 
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for thermal metathesis polymerization and a photoactivated metathes.s 
polymerization of strained cycloolefins. in particular norbomene. No other 
polycyclic - above all non-fused polycyclic - cycloolefins are mentioned. The one- 
component catalysts of the ruthenium compounds used, that is to say 
(RufcumeneXU, and [(CH^Ru^^CN^CirPF.-. can indeed be activated by UV 
irradiation; however, the storage stability of the composrtions with norbomene are 
[sic] completely unsatisfactory. These catalysts can replace the known two- 
component catalysts only in adequately. 

Demonceau et al. [Demonceau. A.. Noels. A.F.. Saive. E.. Hubert. A.J.. J. MaL 
Catal. 76: 123-132 (1992)] describe <p-cumene)RuCI 2 P(C,H 11 ) 3 , (C,H 5 )J,PRuCI 2 
and (CH^PRuHCI as thermal catalysts for the ring-opening metathesis 
polymerization of norbomene. a fused polycydoolefin. Because their activity is too 
low these catalysts have not found acceptance in industrial preparation. It is 
therefore proposed to increase the activity by the addition of diazoesters. It is also 
mentioned that only (r >cumene)RuCI 2 P(C^„), is capable of polymerizing 
norbomene in a relatively short time at 6CTC. Cyclooctene is also mentioned as a 
further monomer. No other cycloolefins are mentioned for the methatesis (sid 
polymerization. 

Petasis and Fu [Petasis. N.A.. Fu. D.. J. Am. Chem. Soc. 1 15: 7208-7214 (1993)] 
describe the thermal ring-opening metathesis polymerization of norbomene us,ng 

bis-cyclopentadienyl^ as a thermaHy aCtWe 

catalyst. No other cycloolefins are mentioned for the metathesis polymerization. 

No other more reactive one-component catalysts have yet been disclosed. It is 
furthermore also not known to use polymers with a strained cycloalkenylene .n the 
polymer backbone for the preparation of crosslinked polymers. 

It has now been found that polymers with strained cycloalkenylene radicals 
bonded in the po.ym r backbone are outstandingly suitab.e for the preparation of 
crosslinked polymers under the action P articu.ariy of one-component catalysts. 
The compositions are storag -stable and are ven insensitive to air and oxyg n. 
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depending on the catalysts used, which allows processing without particular 
protective measures. Processing is easy and the processing possibilities are 
diverse, because no particular measures have to be taken owing to excessive 
reactivity. The polymers are suitable both for the production of solid shaped 
articles and for coatings with particularly high adhesive strength. The polymers 
can furthermore be used for the production of images by means of irradiation 
under a photomask and subsequent development of the non-exposed portions 
with a suitable solvent. 

The invention first relates to a composition comprising (a) catalytic amounts of a 
one-component catalyst for metathesis polymerization and (b) at least one 
polymer with strained cycloalkenylene radicals bonded in the polymer backbone, 
alone or mixed with strained cycloolefins. 

In a preferred embodiment, the polymers are those with recurring structural units 
of the formula (a) in the polymer backbone 



•c-c- 

A 



(a). 



in which 

r 01 and R« independently of one another are H or C,-C 6 alkyl. or Ro, and R M 
together are a bond, and 

A. together with the C-C group, forms an unsubstituted or substituted strained 
cycloolefin ring. The structural units of the formula (a) can be bonded directly or 
via bridge groups, preferably identical bridge groups. 

Alkyl Ro, and Ro, preferably contain 1 to 4 C atoms; the alkyl is preferably methyl 
or ethyl. Ro, and R^ are particularly preferably H. 

The susbtituents for the cycloolefin ring can be. for xample. C,-C.-. and 
preferably C,-C 4 alkyl or -alkoxy. for example methyl, ethyl, n- or i-propyl. n, i- or 
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t-butyl. methoxy. ethoxy or propyloxy; C,-C 4 haloalkyl or -alkoxy. for example 
trifluoromethyl. trichloromethyl. perfluoroethyl. bis(trif?uoromethyl)methyl, 
trifluoromethoxy or bis<trifluoromethyl)methoxy; halogen, for example F. CI or Br 
-CN; -NH 2 ; secondary amino having 2 to 18 C atoms; tertiary amino having 3 to 
18 C atoms; -CfOJ-OR* or -C(0)-NRo,R<m. in which R„ is H. C,-C„alkyl. phenyl or 
benzyl and Ro« independently has the meaning of R«. 

The strained cycloolefin ring can be monocyclic or polycyclic fused and/or bridged 
Hng systems, for example with 2 to 6, preferably 2 to 1. and particularly preferably 
2 or 3 rings, which are unsubstituted or substituted and can contain heteroatoms. 
for example O. S. N or Si, in one or more rings and/or fused aromatic or 
heteroaromatic rings, for example o-phenylene. o-naphthylene. o-pyridinylene or 
o-pyrimidinylene. The individual cydic rings can contain 3 to 16. preferably 4 to 12. 
particularly preferably 5 to 8 ring members. The cyclic olefins can contain further 
non-aromatic double bonds, preferably 2 to 4 such additional double bonds, 
depending on the ring size. 

Fused-on alicyclic rings preferably contain 3 to 8. particularly preferably 4 to 7. 
and especially preferably 5 or 6 ring C atoms. Fused-on aromatics are preferably 
naphthylene and. in particular, phenylene. 

In a preferred embodiment, in formula (a) 
Ro, and R* together are a bond, and A is unsubstituted or substituted 
C-Calkylene. preferably C^alkylene; unsubstituted or substituted 
C 2 -C, 2 heteroalkylene. preferably C,-C,heteroalkyklene with at least one 
heteroatom from the group consisting of 0. S and N; unsubstituted or substituted 
C 5 -C l2 cycloalkylene, preferably CrCcycloalkylene; unsubstituted or substituted 
C r C, 2 heterocycloalkylene. preferably C 4 -C 7 heterocycloalkylene with at least one 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
C 2 -C, 2 alkenylene. preferably C 2 -C,-alkenylene; unsubstituted or substituted C r 
C, 2 heteroalk nyl ne. preferably C,-C 6 heteroalkenylene with at least one 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
C 5 -C l2 cycloalk nylene. pr ferably C^cycloalkenylene; or unsubstituted or 



substituted CrCheterocycloalkenylene. preferably C 4 -C^eterocycloalkenylene 
with at least one heteroatom from the group consisting of O, S and N; or 
Ro, and R„ independently of one another are H or C-Calkyl and A is 
unsubstituted or substituted C 5 -C, 2 -cydoalkenylene. preferably CrCcyclo- 
alkenylene; unsubstituted or substituted C 4 -C, 2 heterocycloalkenylene, preferably 
C^heterocycloalkenylene with at least one heteroatom from the group 
consisting of O. S and N; or unsubstituted or substituted C 5 -C 12 cydoalkdienylene. 
preferably Cj-Cycydoalkdienylene; or 

R,, is a double bond together with a terminal C atom of the radical A; R« is H or 
C-Calkyl; and A is unsubstituted or substituted C-C^lkylene, preferably 
<VC.alkylene, unsubstituted or substituted C,-C ia heteroalkylene. preferably 
C,-C»heteroalkylene with at least one heteroatom from the group consisting of O, 
S and N; unsubstituted or substituted C-Ccydoalkylene, preferably C s -C,cyclo- 
alkylene; unsubstituted or substituted C 4 -C 12 heterocycloalkylene. preferably 
C 4 ^heterocydoalkylene with at least one heteroatom from the group consisting 
of O, S and N; unsubstituted or substituted C-Cjalkenytene, preferably 
C J -C 6 alkenylene; unsubstituted or substituted C 3 -C„heteroalkenylene. preferably 
CvC.heteroalkenylene with at least one heteroatom from the group consisting of 
O. S and N; unsubstituted or substituted CVCcydoalkenylene. preferably 
CVCcydoalkenylene; or unsubstituted or substituted C 4 -C„hetero- 
cycloalkenylene, preferably C,-C 7 heterocydoalkenylene with at least one 
heteroatom from the group consisting of O. S and N; or 
R,, and R* each are a double bond together with in each case a terminal C atom 
of the radical A. and A is unsubstituted or substituted C-Calkylene. preferably 
C,-C.alkylene; unsubstituted or substituted C^heteroalkylene. preferably 
C,-C,heteroalkylene with at least one heteroatom from the group consisting of O. 
S and N; unsubstituted or substituted C-Ccycloalkylene. preferably C 5 -C 7 cyclo- 
alkylene; or unsubstituted or substituted C.-C^heterocycloalkylene. preferably 
C 4 -C,heterocyc!oalkylene wrth at least one heteroatom from the group consisting 
of O. S and N; 

it being possibl for phenytene, C 4 -C,cycloa.ky.ene or C 4 -C,heterocycloa.kylene to 
be fused onto the alkylene. heteroalkyl ne. cycloalkylene. heterocydoalkylene. 
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alkenylene. heteroalkenylene. cycloalkenylene. heterocycloalkenylene. 
alkdienylene. heteroalkdienylene. cydoalkdienylene and heterocycloalkdienytene. 

It is known to the expert that cyclohexene can be polymerized by metathesis only 
with difficulty or not at all. Cyclohexene radicals of the formula (a) are therefore 
not preferred. Structural units of the formula (a) in which Ro, and Ro, together do 
not form a double bond are preferred. 

particularly preferably, in formula (a). R,, and R« together are a bond, and A is 
unsubstituted or substituted C a -C,alkylene. unsubstituted or substituted 
C-Cjcycloalkylene. unsubstituted or substituted C,-C 6 alkenylene or unsubstituted 
or substituted Cj-CTcycloalkenylene; or 

R 0 , and R„ independently of one another are H or C,-C,alkyl and A is 
unsubstituted or substituted Cs-Crcydoalkenylene; or 

Ro, is a double bond together with a terminal C atom of the radical A; R^j is H or 
C,-C 4 alkyl; and A is unsubstituted or substituted C r C,alkenylene. unsubstituted or 
substituted Cs-Cjcycloalkylene, unsubstituted or substituted C-Calkenylena or 
unsubstituted or substituted C-Cjcydoalkenylene; or 
Ro, and R* each are a double bond together with in each case a terminal C atom 
of the radical A and A is unsubstituted or substituted C s -C 8 alkylene or 
unsubstituted or substituted C-Cr-cycloalkylene. 

The polymer backbone of the polymers to be used according to the invention can 
be built up in different ways. The polymers can be homo- or copolymers, 
containing structural elements of the formula (a) to the extent of at least 5 mot %. 
preferably 5 to 100 mol %. more preferably 5 to 80 mol %, even more preferably 
10 to 70 mol %. particularly preferably 10 to 60 mol %. and especially preferably 
20 to 50 mol %. based on the polymer. The polymers can be random copolymers 
or block copolymers. 

The polymers used in the composition according to the inveniion include 
oligomers and polymers. Th number of recurring structural units can accordingly 



be 2 to 10 COO, preferably 5 to 5000, particularly preferably 10 to 1000. and 
especially preferably 20 to 500. 

One group of polymers which are possible for the compositions according to the 
invention comprises, for example, the homo- and copolymers of linear 
polyepoxides, polyesters, polyamides. polyester-amides, polyurethanes and 
polyureas in which the divalent diepoxide, dicarboxylic acid or diisocyanate 
radicals, or in which the divalent diol or diamine radicals, or both of these radicals, 
contain si- aired eydooiefin radicais, and which, in the case of the copolymers of 
these divalent radicals, contain different diepoxide, dicarboxylic acid or 
diisocyanate. diol or diamine radicals. The strained cycloolefin ring preferably 
corresponds to the formula (a), including the preferred meanings. 

The polyepoxides can be built up from diepoxides. as comonomers (a), having 
preferably 6 to 40, and particularly preferably 8 to 30 C atoms and diols. as 
comonomers (P). having preferably 2 to 200. more preferably 2 to 100. and 
particularly preferably 2 to 50 C atoms. Diepoxides with a strained cycloolefin ring 
contain preferably 6 to 40, and particularly preferably 10 to 30 C atoms. The 
diepoxides are preferably the diglycidyl ethers, which can easily be prepared. The 
monomeric diepoxides can be. for example, the diglycidyl ethers of aliphatic, 
cycloaliphatic, aromatic or araliphatic diols. Diols with a strained cycloolefin ring 
contain preferably 5 to 40. and particularly preferably 7 to 30 C atoms. The diols 
can be. for example, aliphatic, cycloaiiphatic. aromatic or araliphatic diols. Diols 
and diepoxides are familiar to the expert and are not listed here. Among the 
diepoxides, the diglycidyl ethers and diglycidyl esters are preferred. Diepoxides 
and diols with a strained cycloolefin ring preferably contain a structural element of 
the formula (a), including the preferred meanings. 

The polyepoxides can contain, for example, recurring structural elements ch sen 
from the group of structural elements of the formulae (b). (c). (d) and (e) 



(-CHrCHtOHJ-CHrO-Ros-O-CHrCHtOHJ-CHj-O- 



(b). 
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-FVO- ( c ). 
[-CHj-CHtOHJ-CHrO-RorO-CH^HtOHJ-CHrO- (d). 

-Roa-O- (e). 

with the proviso that they contain at least structural elements of the formulae (sic) 

(b) or (c) or both, in which R^and R^ independently of one another are a divalent 
radical cf 3 strained cydcclsffn or s diva lent radical wiih a strained cyciooiefin, Ro 7 
is a divalent radical of a diglycidylether reduced by the glycidyloxy groups and FR* 
is a divalent radical of a diol reduced by the hydroxyl group. 

The polymer can contain in each case up to 100 mol % of the structural elements 
of the formulae (b) and (c) per mole of the polymer. If structural elements of the 
formulae (b) and (d) or (c) and (e) are present, advantageous mixing ratios are 5 
to 95, preferably 10 to 80 mol % of structural elements of the formulae (b) and (c) 
and 95 to 5, preferably 90 to 20 mol % of the structural elements of the formulae 

(c) and (e), per mole of the polymer. 

The polyepoxides are linear polyethers and are accessible in various ways, for 
example either by reaction of the diepoxides with the diols or by Diels-Alder 
reaction of polyepoxides with olefinically unsaturated diepoxide and/or diol 
structural units with open-chain or, preferably, cyclic 1.3-dienes to form strained 
cyciooiefin rings. 

Roa and Rob can be. for example, mono- or diolefinically unsaturated C s -C 8 cyclo- 
alkylene or fused polycyclic, preferably bi- or tricyclic, C 7 -C 18 cycloalkylene. 
Examples are cyclopentenylene, cycloheptenylene and cyclooctenylene. In a 
particularly preferred embodiment. Rm and Rob independently of one another are a 
norbomene radical of the formula (nr,) or (nr 2 ) 
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Ro 7 and R« are preferably C 2 -C„-, preferably C 2 -C„alkylene, polyoxaalkylene 
having 2 to 50. preferably 2 to 10 oxaalkylene units and 2 to 6, preferably 2 to 4 C 
atoms in the oxyalkylene, Cj-C, r , preferably C 5 -C 9 cycloalkylene. C s -C,cyclo- 
alkylene-CH r . -CH 2 -(C 5 -C s cycloalkylene)-CH 2 -. C 9 -C, 4 arylene, bisphenylene. 
berzylene, xy'yte.ne or -C 0 H 4 X^, C 0 H 4 , where X,,, is O, S. SO. S0 2 , CO. C0 2 . NH. 
N(C,-C 4 -aKyi), aikyiidine having 1 to 18. preferably 1 to 12 C atoms or 
Cj-CTcycloalkylidene. Some examples are ethylene, propylene, butylene. dh tri- 
and tetraoxaethylene, cyclopentylene. cyclohexylene. cyclohexylene-CH 2 -. 
-CH 2 -cyclohexylene-CH 2 -. phenylene, -C a H 4 -0-C 6 H 4 -, -C,H«-CH 2 -C S H«-. -C«H«- 
CH(CH,)-C 8 H 4 -. -C,H 4 -C(CH 3 ) 2 -C e H 4 - and -C s H 4 -C 6 H t0 -C 8 H 4 -. 

The polyepoxides are novel polymers and the invention likewise relates to these. 

The polyesters can contain identical or different structural elements chosen from 
the group of structural elements of the formulae (0. (9). (h) and (i). where at least 
the structural elements of the formulae [sicj (0 or (g) or both must be present 



.C(0)-R„-C(0)- t W. 

-0-Ro,o-0- (9) - 

-C(0)-Ro,,-C(0)- (">• 

-0-Ro, 2 -0- 0). 



in which R„9 and R™ independently of one another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cycloolefin. Ro„ is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and Ro, 2 is a 
divalent radical of a diol reduced by the hydroxyl group. 
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The polymer can contain in each cas up to 100 mol % of the structural elements 
of the formulae (0 and (g), per mole of the polymer If structural elements of the 
formulae (0 and (h) or (g) and (i) are present, advantageous mixing ratios are 5 to 
95, preferably 10 to 80 mol % of structural elements of the formulae (0 and (h) 
and 95 to 5, preferably 90 to 20 mol % of the structural elements of the formulae 
(9) and (i). 

The polyesters are preferably linear and accessible either by esterification or 
transesterification processes on the corresponding monomers, or by Diels-Aider 
reaction of polyesters wth otefinically unsaturated dicarboxylic and/or dioi 
structural units with open-chain or, preferably, cyclic 1,3-dienes to form strained 
cycloolefin rings. Mono-, di- or tricyclic dienes are preferably used for the Diels- 
Alder reaction. 

Rog and Roio can be, for example, mono- or diolefinically unsaturated 
C 5 -C 8 cycloalkylene or fused polycyclic, preferably bi- or tricyclic Cr-C 19 cyclo- 
alkylene. Examples arecyclopentenylene, cydoheptenylene, cyclooctenylene and, 
in particular, norbomene radicals of the formulae (nr,) and (nr 2 ). 

Rott is preferably C 2 -C 18 -. preferably C 2 -C 12 alkylene or -alkenylene, C 3 -C t2 -, 
preferably Cj-CsCydoalkylene or -cycloalkenylene, C 5 -C a cycloa!kylene-CH 2 -, 
-CH 2 -(C 5 -C 8 cycloalkylene)-CH 2 - 1 C 6 -C t8 arylene, bisphenylene, benrylene, 
xylylene or -C fl H 4 -Xo r C 6 H 4 -. where X« is O, S, SO, S0 2 , CO, CO J( NH. 
N(C r C 4 alkyl) l alkylidene having 1 to 18, preferably 1 to 12 C atoms, or 
C 5 -C7cycloalkylidene. Some examples are ethylene, propylene, butylene, 
hexylene, cyclopentylene, cyclohexylene, cyclohexylene-CH 2 -, -CH r 
cyclohexylene-CH 2 -, phenylene, naphthylene, -C 6 H 4 -CH 2 -C 6 H 4 -, -C S H 4 -C 6 H4-, 
-C 6 H 4 -S0 2 -C 6 H 4 -, -C 6 H 4 -CO-C 6 H 4 - and -C 6 H 4 -0-C 6 H 4 -. R 011 is preferably C r 
C 8 alkylene, cyclohexylene or o-, m- or p-phenylene. 

Ro 12 can preferably be C 2 -C 18 , preferably C 2 -C 12 alkylen , polyoxaalkylene having 2 
to 50, preferably 2 to 10 oxaalkylene units ?nd 2 to 6, preferably 2 to 4 C atoms in 
the oxyalkylene, C 3 -C 12 -. preferably C 5 -C 8 cycloalkylene. C 5 -C 8 -cycloalkylene-CH 2 -, 
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-CH 2 -(C 5 -C s cycloafkylene)-CH 2 - t C 6 -C t4 arylene, bisphenylene, benzylene, xylyl ne 
or-C 6 H4-Xoi-C«H 4 - f where Xo, is O. S. SO. S0 2 . CO. C0 2 , NH, N(C r C 4 alkyl). 
alkylidene having 1 to 18. preferably 1 to 12 C atoms, or 
C s -C7cycloalkylidene. Some examples are ethylene, propylene, buty!ene. 
hexylene, di- ( tri- and tetreaoxaethylene. cyclopentylene, cyclohexylene, 
cydohexylene-CH 2 - ( -CH 2 -cyc!ohexylene-CH 2 -. phenylene. -C 6 H 4 -CH 2 -C 8 hL-, - 
C 6 H 4 -CH(CH 3 )-C 6 H 4 -. -C6H 4 -C(CH 3 ) 2 -C6H4-. -C 6 H 4 -C 6 H 10 -C 6 H 4 - and -C s H 4 -0-C s H 4 -. 
Ro 12 is particularly preferably C 2 -C 6 alkylene, which, in particular, is linear. 

The polyesters are novel polymers and the invention likewise relates to these. 

The polyamides can contain identical or different structural elements chosen from 
the group of structural elements of the formulae 0). ( k )> (>) and <m). where at least 
the structural elements of the formulae [sic] (j) or (k) or both must be present 



-C(0)-Rou-C(0)- 
-NH-Rou-NH- 
-C(0)-Ro, 5 -C(0)- 
-NH-Rce-NH- 



(i). 

<k). 

(I), 
(m). 



in which Ro, 3 and R 0 i4 independently of one another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cycloolefin, Rots is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and Roi 6 is a 
divalent radical of a diamine reduced by the amino groups. 

The polymer can contain in each case up to 100 mol % of the structural elements 
of the formulae (j) and (k) per mole of th polymer. If the structural elements of the 
formulae (j) and (I) or (k) 3nd (m) are present, advantag ous mixing ratios ar 5 to 
95, preferably 10 to 80 mol % of structural elements of the formulae (j) and (I) and 



-12- 



95 to 5. preferably 90 to 20 mol % of the structural elements of the formulae (k) 
and (m). 

The polyamides are preferably linear and accessible either by amidation or 
transamidation processes on the corresponding monomers, or by Diels-Alder 
reaction of polyamides with olefinically unsaturated dicarboxylic acid and/or 
diamine structural units with open-chain or preferably cyclic 1,3-dienes to form 
strained cycloolefin rings. Mono-, di- or tricyclic dienes are preferably used for the 
Diels-Alder reaction. 

Ro,, and Rou can be, for example, mono- or diolefinically unsaturated 
C s -C 8 cycloalkylene or fused polycyclic. preferably bi- or tricyclic 
CrCcycloalkylene. Examples are cyclopentenylene. cycloheptenylene. 
cyclooctenylene and, in particular, norbornene radicals of the formulae (nr,) and 
(nr 2 ). 

Ro, 5 is preferably C 2 -C 18 -. preferably C 2 -C 12 alkylene or -alkenylene. C 3 -C„-. 
preferably C 5 -Cacydoalkylene or -cycloalkenylene. C 5 -C 8 cydoalkylene-CH J -. 
-CHrtC^cycloalkylene)^^-. Ce-C^arylene, bisphenylene. benzylene. 
xylylene or -C 8 H 4 -Xo,-C s H 4 -. where Xc, is O. S, SO. S0 2 . CO, CO,. NH. 
NtC-C^lkyl) or alkylidene having 1 to 18. preferably 1 to 12 C atoms, or 
Cs-CcydoalkylWene. Some examples are ethylene, propylene, butylene. 
hexylene. cydopentylene, cyclohexylene. cyclohexylene-CH 2 -, -CH 2 - 
cydohexylene-CH r . phenylene, naphthylene. -C 6 H 4 -CH 2 -C 6 H 4 -. -C 8 H 4 -C 8 H 4 -. 
-C 8 H 4 -S0 2 -C 8 H 4 -, -C 8 H 4 -CO-C e H 4 - and -C 8 H 4 -0-C 8 H 4 -. R, 15 is preferably 
C 2 -C 8 alkylene, cyclohexylene or o-, m- or p-phenylene. 

R,,. can preferably be C 2 -C 18 -. preferably C r C 12 alkylene. C,-C, 2 -, preferably 
C 5 -C 8 cydoalkylene. C s -C 8 cydoa^^ 

C 8 -C 14 arylene. bisphenylene. benzylene. xylylene or-C 8 H 4 -X<„-C 8 H 4 -. where X* is 
O S SO. S0 2 . CO. C0 2 , NH. N(C r C 4 alkyl) or alkylidene having 1 to 18. 
preferably 1 to 12 C atoms, or C 5 -C 7 cycloalkylidene. Some examples are ethylene, 
propylene, butylene. hexylene. di-. tri- and tetreaoxaethylen . cyclopentyl ne. 
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cydohexylene, cyclohexylene-CH 2 -. -CHr<*clohexylene-CH r . phenylene, -C,H 4 - 
CH(CH 5 )-C 9 H 4 -. C,H 4 -0-C 8 H 4 -. -C,H 4 -CrVC,H 4 -, 
-C 6 H 4 -C(CH S ) 2 -C,H 4 - and -C,H 4 -C 6 H 10 -C 6 H 4 -. Ro,. is particularly preferably 
C 2 -C«alkylene, which, in particular, is linear. 

The polyamides can also contain structural units of 4 to 12-membered lactams, for 
example €-caprolactam. 

The pciysmidss are nova! polymers and the invention likewise relates io these. 

Polyester-amides are copolymers with diamines and diols which can contain, for 
example, the structural elements mentioned above for the polyesters and 
polyamides, in any combination. 

The polyester-amides are novel polymers and the invention likewise relates to 
them. 

The polyurethanes and polyureas can contain identical or different structural 
elements chosen from the group of structural elements of the formulae (n), (o), (p) 
and (q), where at least the structural elements of the formulae (sic] (n) or (o) or 
both must be present 

-C(0)-NH-Ro, r NH-C(0)- (">• 

-X„-Ro,a-X<«- (o)t 
-C(0)-NH-Ro 19 -NH-C(0)- (P>- 

in which Ro 17 and Ro„ independently of one anoth r are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cycloolefin. Ro„ is a 
divalent radical of a diisocyanate reduced by the cyanat groups and R„o is a 
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divalent radical of a diamine or of a diol reduced by the amino or hydroxyl groups, 
and the X„ independently of one another are -O- or -NH-. 

The polyurethanes and -ureas are preferably linear and accessible either by 
addition polymerization of the corresponding monomers or by Diels-Alder reaction 
of polyurethanes or polyureas with olefinically unsaturated diisocyanate. diol- 
and/or diamine structural units with open-chain or preferably cyclic 1.3-dienes to 
form strained cycloolefin rings. Mono-, di- or tricyclic dienes are preferably used 
for the Diels-Alder reaction. 

The polymer can contain in each case up to 100 mol % of the structural elements 
of the formulae (n) and (o) per mole of the polymer. If the structural elements of 
the formulae (n) and (o) or (p) and (q) are present, advantageous mixing ratios are 
5 to 95. preferably 10 to 80 mol % of structural elements of the formulae (n) and 
(p) and 95 to 5. preferably 90 to 20 mol % of the structural elements of the 
formulae (o) and (q). 

Ro, 7 and Ro, 8 can be, for example, mono- or diolefinically unsaturated Cj-Ccyclo- 
alkylene or fused polycyclh,, preferably bi- or tricyclic C r C ia cycloalkylene. 
Examples are cyclopentenylene. cycloheptenylene. cyclooctenylene and. in 
particular, norbomene radicals of the formulae (nr,) and (nr,). 

Ro, 9 is preferably C r C„-. preferably Cj-C 12 alkylene or -alkenylene, C r C, r . 
preferably C 5 -C 8 cycloalkylene or -cycloalkenylene. CrC,cycloalkylene-CH 2 -. -CH r 
(Cs-CBcycloalkyleneJ-CHj-. C,-C, 6 arylene. bisphenylene. benzylene, 
xylylene or-C tt H 4 -Xo,-C 8 H 4 -. where Xo, is O. S. SO. SO J( CO. CO I( NH, 
N(C,-C 4 alkyl) or alkylidene having 1 to 18, preferably 1 to 12 C atoms, or 
Cj-CTcycloalkylidene. Some examples are ethylene, propylene, butylene. 
hexylene, cycl pentylene. cyclohexylene. isophoronylene. cycloh xylene-CH r . 
-CHrcyclohexylen-CHj-. phenylene. naphthylene. toluylene. xylylene, -C 8 H 4 -C 6 H 4 -, 
-C 6 H 4 -CH 2 -C 6 H 4 -. -C 6 H 4 -SO r C 6 rV. -C 8 H 4 -CO-C 6 H 4 - and -C 6 H 4 -0-C 8 H 4 -. 
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R^o can preferably be C 2 -C 1B -. preferably C 2 -C, 2 alkylene, polyoxaalkylene having 2 
to 50. preferably 2 to 10 oxaalkylene units and 2 to 6. preferably 2 to 4 C atoms in 
the oxyalkylene, C r C 12 -, preferably C s -C a cycloalkylene. C $ -C^ycloalkylene-CH r , 
-CHj-ICs-CBcycloalkyleneJ-CHj-, C 8 -C, 4 arylene. bisphenylene. benzylene, xylylene. 
-C 8 H 4 -Xo,-C 4 H 4 -, where X* is O, S. SO. S0 2 . CO. C0 2 . NH. N(C,-C 4 alkyl) or 
alkylidene having 1 to 18. preferably 1 to 12 C atoms, or 
Cs-CTcycloalkylidene. Some examples are ethylene, propylene, butylene, 
hexylene. di-. tri- and tetraoxaethylene. cyclopentylene, cyclohexylene. 
cyclohexylene-CHj-. -CH 2 -cyclohexylene-CH r , phenylene. -C a H 4 -CH 2 -C,H 4 -. 
-C 8 H 4 -CH(CH,)-C,H 4 -, -C,H 4 -C(CH,) 2 -C 4 H 4 -. -C 8 H 4 -C 8 H 10 -C,H 4 - and -C.H.-0-CH,-. 
^ is particularly preferably Ca-Calkylene which, in particular, is linear. 

The polyurethanes and polyureas are novel polymers and the invention likewise 
relates to these. 

Polymers with a carbon backbone, of which various embodiments may be 
mentioned, are preferred according to the invention. 

One embodiment can be essentially or completely linear metathesis polymers of 
fused at least bfcyclic cycloaliphatic dienes which contain two olefin*: double 
bonds in different rings. The individual rings can contain 3 to 12. preferably 5 to 8 
ring C atoms. The polymers contain, for example, recurring structural elements of 
the formula (r) 

=CH-Roj,-CH= C)- 

in which is C 2 -C 10 -. preferably C,-C 8 alkylene. onto which a cydoalkenylene 
having a total of 5 to 8 C atoms is fused directly or via another fused-on 
cycloalkylene having 5 to 8 C atoms. Preferred xamples are linear 
polynorbornadiene with recurring structural elements of the formula (0 
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xr 



CK= 



linear polydicyclopentadiene with recurring structural elements of the formula 



or copolymers with these two recurring structural elements. 

Polymers which are furthermore suitable are linear copolymers with a recurring 
structural element of the formula (r), preferably in each case one or both the 
above structural elements (r") and (O and structural elements of the fomula (H 



of a strained cydoolefin, in which 

q 3 is a linear or branched C t -C, e alkylene which is unsubstituted or 
substituted by halogen, = O, -CN, -NO,, -COOM. -SO,M. -PO s M. 
-COOfM,),*. -SOrfMOw. -PO,(M,), a . CrC^alkyl. R,R,R 3 SHO) u -. 
C-C^hydroxyalkyl. C-Cshaloalkyl. C,-C 6 cyanoalkyl. C 3 -C B cydoalkyl. C,- 
C 16 aryl, C r C w aralkyl, C 3 -C 6 heterocycloalkyl. Cj-C 16 heteroaryl. 
C 4 -C 16 heteroaralkyl or R 4 -X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NR s -CO-; or in which, possibly at 
adjacent carb n atoms, an alicyclic. aromatic or heteroaromatic ring is 
fused on which is unsubstituted or is substituted by halogen. -CN. -NO* 
RaRjReSKOXr. -COOM, -S0 3 M, -P0 3 M. -COO(M,).«. -S0 3 (M,),a. 
-P0 3 (M,),«. C,-C»allcyl. C,-C w haloalkyl. C-Cohydroxyalkyl. 
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C,-C,cyanoalkyl, Cj-C,cycloalkyl, C,-C„aryl, C r C„aralkyl. 

C,-C,heterocydoalkyl. C,-C, 6 heteroaryl. C 4 -C„heteroaralkyl or R„-X,-; 
X and X, independently of one another are -0-. -S-. -CO-. -SO-. -SO,-. 

-O-C(O)-. -C(0)-0-. -C<0)-NR r . -NR 10 -C(O)-. -SO,-0- or -O-SO,-; 
R,. R, and R 3 independently of one another are C,-C 12 alkyl. C-Cperfluoro- 

alkyl. phenyl or benzyl; 
Ft, and R„ independently are C.-C^alkyl. C.-Ciohaloalkyl. C-C^hydroxyalkyl. 

Cj-C,cycloalkyl. C,-C te aryl, C r C 1s aralkyl; 
r s and R, 0 independently cf ens another sre hydrogen, C-C^ky!, phenyl or 

benzyl, the alkyl groups in turn being unsubstituted or substituted by 

C,-C,jalkoxy or C 3 -CsCydoalkyl; 
R,. Rt and R a independently of one another are C,-C 12 alkyl, C-C^perfluoro- 

alkyl. phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; and 
u is 0 or I; 

the alicyclic ring formed with Q s possibly containing further non-aromatic double 
bonds; 

Q 2 is hydrogen, C-C^alkyl. C-C^haloalkyl. C 1 -C f2 alkoxy. halogen. -CN. 
R t i-X 2 -; 

R„ is CrCaalkyl. C-Cjohaloalkyl, C-Cjohydroxyalkyl. C,-C,cycloalkyl. 

C 8 -C 16 aryl or CrC 16 aralkyl; 
X, is -C(0) O- or -C(0)-NR 12 -; 
R 12 is hydrogen. C,-C l2 alkyl. phenyl or benzyl; 
the abovementioned cycloalkyl. heterocycloalkyl. aryl. heteroaryl. aralkyl and 
heteroaralkyl groups being unsubstituted or substituted by C-C^alkyl, 
C,-C 12 alkoxy. -N0 2 . -CN or halogen, and the heteroatoms of the abovementioned 
heterocycloalkyl, heteroaryl and heteroaralkyl groups being selected from the 
group -0-, -S-. -NR 9 - and -N=; and 

R 9 being hydrogen. C,-C t: alkyl. phenyl or benzyl. Q, is with particular preference 
H. 

In another embodiment, the polymers with a carbon backbone are copolymers of 
strain d cydoolefins with fused at least bicydic cycloaliphatic dienes which contain 
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at least two olefinic double bonds in different lings, and ethylenically unsaturated 
comonomers. The individual rings can contain 3 to 12. preferably 5 to 8 ring C 
atoms. The polymers contain, for example, recurring structural elements of the 
formula (r) and of the formula (s) 

=CH-R 021 -CH= < r > 



-c- 

I 



'022 



•c— 

I 



(s). 



in which 

Ro,i is C r C 10 -. preferably C-C.alkylene. onto which an alkenylene having 2 to 
6. preferably 2 to 5 C atoms is bonded directly or via a fused-on 
cycloalkylene ring having 5 to 8 C atoms; 

Rpa is H. F. C-Calkyl. -COOH. -C(0)0-C,-C 12 alkyl, -C(0)-NH-C,-C„alkyl or 
-C(0)-NH J( preferably H. F, C,-C 4 alky1, -COOH or -CfOJ-C-Cealkyl; 

Ron is H. F. CI. CN or C-C^lkyl. preferably H. F. CI or C,-C 4 alkyl; 
is H. F. CI, CN. OH. C-Calkyl. C,-C 12 alkoxy. phenyl which is 
unsubstituted or substituted by OH, CI. Br, C,-C«alkyl. C,-C,alkoxy. 
^(OOC-Calkyl. -C(0)-NH,. -SO,H, -COOH. C(0)-NH-C,-C, J alkyl or - 
SOj-CrC^alkyl, or is -C(0)OH. -C(0)0-C a -C„hydroxyalkyl, 
-C(0)0-C, C 12 alkyl, -C(0)-NH 2 or -CfOJ-NH-C-Cjalkyl; and is preferably 
H. F. CI, CN, OH, C,-C«alkyl. C,-C 4 alkoxy. pheny which is unsubstituted 
or substituted by OH, CI. Br, C,-C 4 alkyl. C,-C«alkoxy, 
-COOH, -C(0)OC,-C 14 alkyl. -C(0)-NH 1( C(0)-NH-C,-C 4 alkyl. -SO,H or 
-S0 3 -C,-C 4 alkyl. or -COOH. -C(0)0-C,-C 4 alkyl. -C(0)0-C 2 - 
C 6 hydroxyalkyl, -C(0)-NH-C,-C 4 alkyl or -C(0)-NH 2 ; and 

r ms is H, F or C,-C 12 alkyl. preferably H or F. 

Preferred examples of recurring structural el m nts of the formula (r) are 
structural elements of the formula (r") and (r"). 
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The polymers can contain the structural elements of the formula (r) in an amount 
of 5 to 100, preferably 10 to 80, and particularly preferably 20 to 60 mol %. per 
mole of polymer. 

The polymers, with the exception of the copolymers of norbomene and ethylene 
alone or together with other unsubstituted olefins, are novel and the invention 
likewise reiaies to these. 

In another embodiment, the polymers with a carbon backbone are metathesis 
polymers of strained cycloolefins with a double bond in the ring, or copolymeric 
metathesis polymers of strained cycloolefins with a double bond in the ring and 
olefinically unsaturated comonomers. of which the olefinic double bonds in the 
polymer backbone are reacted partly or completely with open-chain or cyclic 1,3- 
dienes having 4 to 12, preferably 5 to 8 C atoms in a Diels-Alder reaction to give 
cycloalkenylene radicals having 6 to 14, preferably 7 to 12 C atoms. Preferably 5 
to 80%, more preferably 5 to 60%. and in particular 10 to 50% of the double bonds 
are reacted. 

In a preferred embodiment, these metathesis polymers contain recurring structural 
elements of the formula (t) 



-CH-CH- ... 
\ / (t). 
A. 



in which A, is mono- or bicyclic Cj-CjCycloalkenylene. 



Th structural element of the formula (t) particularly preferably corresponds to 
norbom-1 ,2-enylene of the formula (nr 3 ) 
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In another preferred embodiment, the metathesis polymer contains recurring 
structural units of the formula (u) 



-CH~CH""R OC 0- 
\ / (u). 
A, 



and recurring structural elements of the formula (w) 

-CH=CH-R 02B - ( w >« 

in which A„ together with the-CH-CH- group, is bicyclic C 5 -C,cycloalkenylene, 
preferably cyclopent-1,2-en-3,5-ylene. and is C,-C 12 -. preferably 
C 3 -C, 2 alkylene, 

and, if desired, recurring structural elements of the formula (s). 

The polymer can contain the structural elements of the formula (u) in an amount of 
5 to 100, preferably 5 to 80. particularly preferably 5 to 60, and especially 
preferably 10 to 50 mol %. and the structural elements of the formula (w) in an 
amount of 95 to 0. preferably 95 to 20, particularly preferably 95 to 40 and 
especially preferably 90 to 50 mol %. per mole of polymer. They can contain the 
structural elements of the formula (s) in an amount of 0 to 80, preferably 0 to 60, 
and particularly preferably 0 to 50 mol %, per mole of a copolymer. 

These metathesis polymers are novel and the invention likewise relates to them. 

In another embodiment, the polymers with a carbon backbone are homo- and 
copolymers of 1,3-dienes and. if desired, olefinically unsaturated monomers, of 
which the olefinic double bonds in th polymer backbon are reacted partly or 
completely with open-chain or preferably cyclic 1,3-dienes having 4 to 12. 
preferably 5 to 8 C atoms in a Diels-AJder reaction to give cycloalkenylen radicals 
having 6 to 14. preferably 7 to 12 C atoms. Preferably 5 to 80%. mor preferably 5 
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to 60%, and in particular 10 to 50% of the double bonds are reacted. Suitable 1.3- 
dienes are, for example, 1,3-butadiene. isoprene and chloroprene. 

In a preferred embodiment, these polymers contain recurring structural elements 
of the formula (t). 

The structural element of the formula (t) particularly preferably corresponds to 
norbom-1,2-enylene of the formula (nr 3 ). 

In another preferred embodiment, the polymer contains recurring structural units 
of the formula (y) 

^027 

-H 2 C-CH-C— CH r (y) 
A, 

and recurring structural elements of the formula (2) 

-CH 2 -CH=CRo2rCH 2 - 

in which A„ together with the -CH-CR^ group, is bicyclic C 5 -C e cycloalkenylene, 
preferably cyclopent-1,2-en-3,5-ylene, and R^y is H, CI or C r C 12 -. preferably 
C^Cealkyl, 

and, if desired, recurring structural elements of the formula (s). 

The polymer can contain the structural elements of the formula (y) in an amount of 
5 to 100. preferably 5 to 80, particularly preferably 5 to 60, and especially 
preferably 10 to 50 mol %, and the structural elements of the formula (z) in an 
amount of 95 t 0, preferably 95 to 20, particularly preferably 95 to 40, and 
especially preferably 90 to 50 mol %, per mol of polymer. It can contain th 
structural elements of the formula (s) in an amount of 0 to 80, pr f rably 0 to 60. 
and particularly pref rably 0 to 50 mol %, per mole of a copolymer. 
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These polymers are novel and the invention likewise relates to them. 

Polymers which are built up only from carbon and hydrogen are particularly 
preferred. 

The processes for the preparation of the abovementioned polymers are known or 
analogous to known processes. The starting monomers and polymers are likewise 
known and are in some cases commercially obtainable or can be prepared by 
analogous processes. Diels-Alder reactions are advantageously carried out in 
solvents and expediently under increased pressure. Metathesis copolymers and 
processes for their preparation are described, for example, in US 5 215 798. 
These polymers or metathesis polymers of strained cydoolefins can also be 
prepared with the catalysts described below. Diels-Alder reactions can be carried 
out analogously to the process described in EP 287 762. 

The choice of the polymers to be used according to the invention depends chiefly 
on the intended use and the desired properties. The wide selection by 
modifications of the polymers allows tailor-made polymers to be provided for the 
most diverse uses. A further modification possibility results from the concomitant 
use of strained cydoolefins which are capable of metathesis polymerization, which 
means that, overall, adaptations specific to desired uses can be carried out. 

A very large number of strained cydoolefins which the composition according to 
the invention can comprise as comonomers are known. 

The cydic olefins can be monocydic or polycyclic fused and/or bridged ring 
systems, for example with two to four rings, which are unsubstituted or substituted 
and can contain heteroatoms. for example O f S, N or Si, in one or more rings 
and/or fused aromatic or heteroaromatic rings, for example o-phenyl ne, 
o-naphthylene. o-pyridinylene or o-pyrimidinylene. The individual cyclic rings can 
contain 3 to 16, pr ferabfy 3 to 12, and particularly preferably 3 to 8 ring members. 
The cyclic olefins can contain further non-aromaiic double bonds, pref rably 2 to 4 
such additional double bonds, depending on the ring size. Ring subsMuents are 
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those which are inert, that is to say do not impair the chemical stability and the 
heat stability of the catalysts. The cycloolefins are strained rings or ring systems. 

If the cyclic olefins contain more than one double bond, for example 2 to 4 double 
bonds, crosslinked polymers can also be formed, depending on the reaction 
conditions, the monomer chosen and the amount of catalyst. 

Fused-on alicydic rings contain preferably 3 to 3, particularly preferably 4 to 7, 
and especially preferably 5 or 6 ring C atoms. 

In a preferred embodiment, the comonomeric strained cycloolefins correspond to 
the formula I 




(I). 



in which 

Q 1 is a radical having at least one carbon atom which, together with the 

-CH=CQ 2 - group, forms an at least 3-membered alicyclic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, phosporus, oxygen, nitrogen or sulfur; and which is unsubstituted 
or substituted by halogen, =0, -CN, -N0 2 . R,R 2 R 3 Si-(0) u -, -COOM, - 
S0 3 M, 

-P0 3 M. -COOM),*, -SOafM,),* -PO^M,),*. Chalky!, 
C-Cjohydroxyalkyl C r C»haloalkyl, C,-C 6 cyanoalkyl, C 3 -C 8 cycloalkyl. 
C 6 -C, 6 aryl, C r C t6 aralkyl, C3-C 6 heterocycloalkyl, C 3 -C 16 heteroaryl, 
C 4 -C 16 heteroaratkyl or R 4 -X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NR5-CO-; or in which an alicyclic, 
aromatic or heteroar matic ring which is unsubstituted or substituted by 
halogen, -CN, -N0 3 , R«R,R«Si-(0) u - t -COOM, -30 3 M, -P0 3 M. - 
COO(M,) ia> -S0 3 (M,).*. -PO^M,),^. CrCaoalkyl, C-Cjohaloalkyl. C r 
C2ohydroxyalkyl t C,-C 5 cyanoalkyl, C r C a cycloalkyl, C 6 -C, 6 aryl, C 7 - 
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C, s aralkyl. Cj-C»heterocycloalkyl, Cj-C,»heteroaryl, C 4 -C, 8 heteroaralkyl or 

R, 3 -X,- may be fused onto adjacent carbon atoms of the alicyclic ring: 
X and X, independently of one another are -0-, -S-. -CO-. -SO-. -S0 2 -, -O-C(O)-, 

-C(0)-0-. -C(0)-NRi-, -NR, 0 -C(O)-. -S0 2 -0- or -0-S0 2 -; 
R„ R 2 and R 3 independently of one another are C,-C 12 alkyl, C,- 

C, 2 perfluoroalkyl, phenyl or benzyl; 
R« and R 13 independently are C-Cjaalcyl, C.-Cjohaloalkyl, 

C,-C 2S hydroxyalkyl i C 5 -C s cyc!o3lky!. C B -C,»3ry!. C r C ie afaikyi; 
R 5 and R, 0 independently of one another are hydrogen, C,-C 12 alkyl. phenyl or 

benzyl, where the alkyl groups in their turn are unsubstituted or 

substituted by C,-C 12 alkoxy or C 3 -C,cycloalkyl; 
R,, R 7 and R, independently of one another are C,-C, 2 alkyl. C,- 

C 12 perfluoroalkyl, phenyl or benzyl: 
M is an alkali metal and M, is an alkaline earth metal; and 
u isOoM; 

where the alicyclic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q, is hydrogen, C-Caalkyl, CVCjohaloalkyl. C,-C 12 alkoxy, halogen. -CN. R„- 
X 2 -; 

R„ is Ct-C^alkyl, C-Cjohaloalkyl, C-Cahydroxyalkyl, C 3 -C,cycloalkyl, 

C«-C, s aryl or C 7 -C 19 aralkyl; 
X 2 is -C(0)-0- or -C(0)-NR, 2 -; 
R, 2 is hydrogen. C,-C 12 alkyl. phenyl or benzyl; 

where the abovementioned cydoalkyl. heterocycloalkyl, aryl, heteroaryl, aralkyl 
and heteroaralkyl groups are unsubstituted or substituted by C,-C 12 alkyl. 
C, C 12 alkoxy, -N0 2 , -CN or halogen and where the heteroatoms of the 
abovementioned heterocycloalkyl. heteroaryl and heteroaralkyl groups are chosen 
from the group consisting of -O-, -S-. -NR 9 - and -N=; and 
R 9 is hydrogen, C,-C 12 alkyl. phenyl or benzyl. 

Fused-on alicyclic rings preferably contain 3 to 8, particularly preferably 4 to 7. 
and especially pr ferably 5 or 6 ring C atoms. 
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If an asymmetric centre is present in the compounds of the formula I. this means 
that the compounds can occur in optically isomeric forms. Some compounds of 
the formula I can occur in tautomeric forms (for example keto-enol tautomerism). If 
an aliphatic C=C double bond is present, geometric isomerism (E form or Z form) 
can also occur. Exo-endo configurations are furthermore also possible. Formula I 
thus includes all the possible stereoisomers which are present in the form of 
enantiomers, tautomers, diastereomers, E/Z isomers or mixtures thereof. 

in the definitions of the substttuents, the alkyl, alkenyl and a'kynyl groups can be 
straight-chain or branched. The same also applies to the alkyl or each alkyl part of 
alkoxy-, alkylthio-, alkoxycarbonyl- and of other alkyl-containing groups. These 
alkyl groups preferably contain 1 to 12, more preferably 1 to 8, and particularly 
preferably 1 to 4 C atoms. These alkenyl and alkynyl groups preferably contain 
2 to 12. more preferably 2 to 8, and particularly preferably 2 to 4 C atoms. 

Alkyl includes, for example, methyl, ethyl, isopropyl, n-propyl, n-butyl, iso-butyl, 
sec-butyl, tert-butyl and the various isomeric pentyl, hexyl, heptyl, octyl, nonyf, 
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, 
octadecyl, nonadecyl and eicosyl radicals. 

Hydroxyalkyl includes, for example, hydroxymethyl, hydroxyethyl, 
1-hydroxyisopropyl, 1-hydroxy-n-propyl, 2-hydroxy-n-butyl, 1-hydroxy-iso-butyl. 

1- hydroxy-sec-butyl, 1-hydroxy-tert-butyl and the various isomeric pentyl, hexyl, 
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 
hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl radicals. 

Haloalkyl includes, for example, fluoromethyl, difluoromethyl, trifluoromethyl, 
chloromethyl, dichloromethyl, trichloromethyl, 2,2,2-trifluoroethyl. 2-fluoroethyl, 

2- chloroethyl, 2,2,2-trichloroethyl and halogenated, in particular fluorinated or 
chlorinated, alkanes, for xample the isopropyl, n-propyl, n-butyl, iso-butyl. sec- 
butyl, tert-butyl, and the various isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl. hexadecyl, heptadecyl. 
octadecyl, nonadecyl and eicosyl radicals. 
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Alkenyl includes, for example, propenyl, isopropenyl, 2-butenyl, 3-butenyl. 
isobutenyl, n-penta-2.4-dienyl, 3-methyl-but-2-enyl, n-oct«2-enyl, n-dodec-2-enyl, 
iso-dodecenyl, n-octadec-2-enyl, n-octadec-4-enyl. 

Cycioalkyl is preferably C s -C B cydoalkyl. in particular C s - or C«cycloalkyl. Some 
example are cyclopropyl. dimethylcydopropyl, cyclobutyl, cyclopentyl, 
methylcyclopentyl, cyclohexyl, cycloheptyl and cydooctyl. 

Gyanoalkyl includes, for example, cyanomethyi (methylniirile (sic)), cyanoethyl 
( thylnitrile [sic]), 1-cyanoisopropyl, 1-cyano-n-propyl. 2-cyano-n-butyl. 1-cyano- 
iso-butyl, 1-cyano-sec- butyl, 1-cyano-tert-butyl and the various isomeric 
cyanopentyl and -hexyl radicals. 

Araikyl preferably contains 7 to 12 C atoms, and particularly preferably 7 to 10 C 
atoms. It can be, for example, benzyl, phenethyl, 3-phenylpropyl, a-methylbercyl, 
ph nbutyl or a,o-dimethylbenzyl. 

Aryl preferably contains 6 to 10 C atoms. It can be, for example, phenyl, 
pentalene, indene. naphthalene, azulene or anthracene. 

H teroaryl preferably contains 4 or 5 C atoms and one or two heteroatoms from 
th group consisting of O. S and N. It can be, for example, pyrrole, furan, 
thiophene. oxazole, thiazole, pyridine, pyrazine, pyrimidine, pyridazine, indole, 
purin or quinoline. 

H terocydoalkyl preferably contains 4 or 5 C atoms and one or two heteroatoms 
from the group consisting of O, S and N. It can be. for example, oxirane. azirine, 
1.2-oxathiolane, pyrazoline. pyrrolidine, piperidine, piperazine. morpholine. 
tetrahydrofuran or tetrahydrothiophene. 

Alkoxy is, for example, methoxy, ethoxy, propyloxy. i-propyloxy, n-butyloxy. 
i-butyloxy, sec-butyloxy and t-butyloxy. 
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Alkali metal in the context of the present invention is to be understood as meaning 
lithium, sodium, potassium, rubidium and caesium, in particular lithium, sodium 
and potassium. 

Alkaline earth metal in the context of the present invention is to be understood as 
meaning beryllium, magnesium, calcium, strontium and barium, in particular 
magnesium and calcium. 

In the above definitions, halogen is to be understood as meaning fluorine, chlorine, 
bromine and iodine, preferably fluorine, chlorine and bromine. 

Compounds of the formula I which are particularly suitable for the composition 
according to the invention are those in which Q 2 is hydrogen. 

Compounds of the formula I which are furthermore preferred for the 
polymerization are those in which the alicyclic ring which Q, forms together with 
the-CH=CQ r group contains 3 to 16, more preferably 3 to 12, and particularly 
preferably 3 to 8 ring atoms, it being possible for this to be a monocyclic, bicyclic 
tricyclic or tetracyclic ring system. 

The composition according to the invention particularly advantageously comprises 
compounds of the formula I in which 

Q, is a radical having at least one carbon atom which, together with the 
-CH=CQ 2 - group, forms a 3- to 20-membered alicyclic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, oxygen, nitrogen and sulfur; and which is unsubstituted or 
substituted by halogen, =0, -CN, -N0 2 , RtR^SKOX,-, -COOM, -S0 3 M, 
-P0 3 M, -CCKWUta, -S0 3 {M t ) 1/2 . -PO^MO^.CrC^alkyl.CrC^haloalkyl. 
C-C^hydroxyalkyl. C^cyanoalkyl, C 3 -C 6 cycioaIkyl, C 6 -C 12 aryl, C 7 - 
C 12 aralkyl, C,-C 6 h terocycloalkyl, C 3 -C 12 heteroaryl t C 4 -C 12 heteroaralkyl or 
R 4 -X-; or in which two adjacent C atoms in this radical Q, are substituted 
by -CO-O-CO- or -CO-NR 4 -CO-; or in which an alicyclic, aromatic or 
heter ar matic ring which is unsubstituted or substituted by halogen, 
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-CN, -N0 2 . R.RrR.Si-. -COOM. SOJM, -POjM. 

-COO(M,),/2. -SOjfM,),,,. -P0 3 (M 1 ) M2 .C 1 -C 12 alkyl.C,-C 1J haloalkyl, 

C,-C 12 hydroxyalkyl.C r C 4 cyanoalkyl. Cs-Ccydoalkyl. C e -C 12 aryl, 

CrC 12 aralkyl. CyCeheterocydoalkyl. Cj-C, 2 heteroaryl, C 4 -C 12 hetero- 

aralkyl or R, 3 -X,- may be fused onto adjacent carbon atoms; 
X and X, independently of one another are -0-, -S-, -CO-, -SO-, -S0 2 -, -O-C(O)-. 

-C(0)-0-. -C(0)-NR 5 - -NR 10 -C(O)-. -S0 2 -0- or -0-S0 2 -; 
R„ R 2 end R 3 independently of ens another srs C,-C B 5:kyi, C,-C 8 peffiuo.u.*iky:, 

phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; 
R« and R, 3 independently of one another are C,-C l2 alkyl, C,-C 12 haloalkyl, 

C-C.jhydroxyalkyl. Cj-C,cycloalkyl, C,-C 12 aryl. Cr-Cuaralkyl; 
R 5 and R 10 independently of one another are hydrogen. C,-C,alkyl, phenyl or 

benzyl, where the alkyl groups in their turn are unsubstituted or 

substituted by C,-C s alkoxy or Cj-C«cydoalkyl; 
R,, R 7 and R, independently of one another are Chalky!, C,-C,perfluoroalkyl, 

phenyl or benzyl; 
uisOorl; 

where the alicydic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q, is hydrogen, C,-C 12 alkyl, C,-C 12 haloalkyl. C,-C e alkoxy, halogen. -CN. R„- 
X 2 -; 

R„ is C,-C, 2 alkyl. C,-C 12 haloalkyl. C,-C 12 hydroxyalkyl. C 3 -C»cydoalkyl. 

C,-C 12 aryl or Cr-C^raUcy!; 
X, is -C(0)-0- or -C(0)-NR 12 -; and 
R 12 is hydrogen. C,-C 6 alkyl. phenyl or benzyl; 

where the cydoalkyl. heterocydoalkyl. aryl. heteroaryl. aralkyl and heteroaralkyl 
groups are unsubstituted or substituted by C,-C 8 alkyl. C,-C«alkoxy. -N0 2 , 
-CN or halogen, and where the heteroatoms of the heterocydoalkyl. 
heteroaryl and heter aralkyl groups are chosen from the group 
consisting of -O-, -S-. -NR,- and -N-, and 

R, is hydrogen. CrC 6 alkyl. phenyl or benzyl. 
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Compounds of the formula I from this group which are preferred are those in 
which 

Q t is a radical having at least one carbon atom which, together with the 
-CH=CQ 2 - group, forms a 3- to 10-membered alicyclic ring which may 
contain a heteroatom chosen from the group consisting of silicon, 
oxygen, nitrogen and sulfur and is unsubstituted or substituted by 
halogen, -CN, -NO a , R 1 R 2 R 3 Si- i -COOM, -S0 3 M, -PO^M, -COO(M t ) t/2 . 
-S0 3 (M,)„2, -P0 3 (M l ) 1/2 ,C 1 -C a alkyl, C r C 6 haloaIkyl, C,-C ft hydroxyalk\H : C : - 
C 4 cyanoalkyl, (^-Cscyclqalkyl, phenyl, benzy! or R 4 -X=; or in which an 
alicyclic. aromatic or heteroaromatic ring which is unsubstituted or 
substituted by halogen, -CN, -N0 2 , R«R 7 RaS«-, -COOM. -S0 3 M. -PO3M. 
-COO(M,) 1/2 . -S0 3 (M,)i* -P0 3 (M 1 ) 1 «.C 1 -C 6 alkyl.C r C s haloalkyl ( 
C-Cehydroxyalkyl.CrC^cyanoaikyl, C 3 -C 6 cycloalkyl t phenyl, benzyl or 
R 13 -X r may be fused onto adjacent carbon atoms; 

R 1t R 2 and R 3 independently of one another are C^alkyl, C 1 -C 4 perfluoroalkyl 1 
phenyl or benzyl; 

M is an alkali metal and M, is an alkaline earth metal; 

R 4 and R 13 independently of one another are C t -C 6 alkyl, d-Cehaloalkyl, 
CrCehydroxyalkyl or C^-CoCycloalkyl; 

X and X t independently of one another are -O-. -S-, -CO-. -SO- cr -S0 3 -; 

R«, R 7 and R e independently of one another are C^alkyl. C r C 4 perfluoroalkyl, 
phenyl or benzyl; 

and Q 3 is hydrogen. 

Th composition according to the invention is particularly suitable for the 
polymerization of norbomene and norbomene derivatives. Of these norbomene 
derivatives, preferred derivatives are those which either correspond to the formula 
II 
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in which 

X 3 is -CHR,,-, oxygen or sulfur; 

R„ and R, 5 independently of one another are hydrogen, -CN, trifluoromethyl. 

(CHj)jSi-O-. (CHj)aS«- or -COOR t7 ; and 
R 1B and R 1T independently of one another are hydrogen. C,-C 12 alkyl. phenyl or 

benzyl; 

or correspond to the formula III 




in which 

X, is -CHR 19 -. oxygen or sulfur; 

R 19 is hydrogen. C,-C 12 alkyl. phenyl or benzyl; and 

R 18 is hydrogen, C,-C»alkyl or halogen; 

or correspond to the formula IV 




in which 

Xj is CHRa-, oxgen or sulfur; 

Rjj is hydrogen, C,-C 12 alkyl. phenyl or benzyl; 

R„ and R,, independently of one another are hydrogen, CN. trifluoromethyl, 

(CH 3 ),Si-0-. (CH 3 ) 3 Si- or -COOR„; and 
R 2J is hydrogen. C-C^aikyl. phenyl or benzyl; 
or correspond to the formula V 
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(V). 



in which 

Xe is -GHR 24 -, oxygen or suifur; 

R 24 is hydrogen, C,-C 12 alkyl, phenyl or benzyl; 



is oxygen or 



\* — "» ; 



and 



^25 



is hydrogen, methyl, ethyl or phenyl. 



The following compounds of the formula I are particularly suitable, bi- and 
polycyclic systems being obtainable by Diels-Alder reactions: 




(1). 




CM, 



(2). 




CH, 



O). 




CN 



(4). 



^J^y/ CM,0<CH ' ) ' 0CHi 



(5). 




SKCH,), 



(7). 
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o 




COCXCH^.CH, 



-34- e 




- QQG> 
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The comonomeric poiyfunctional strained cycloolefins can be compounds of the 
formula (f1) 

nvu (f,) - 

in which T is the radical of a strained cycloolefin, U is a direct bond or an n-valent 
bridge group and n is an integer from 2 to 8. 

The cyclic olefins can be monocyclic or polycyciic fused and/or bridged ring systems, for 
example with two to four rings, which are unsubstituted or substituted and can contarn 
heteroatoms. for example O. S. N or Si. in one or more rings and/or fused alicydic. aromatc 
or heteroaromatic rings, for example o«yclopentylene. o-phenylene. o-naphthylene. 
o-pyridiny.ene or o-pyimidiny.ene. The individual cyclic rings can contain 3 to 16. preferaWy 
3 to 12 and particular* preferably 3 to 8 ring members. The cyclic olefins can contain further 
non-aromstic double bonds, preferably 2 to 4 such additional double bonds, depends on 
the ring s*e. The ring substituents are those which are inert, that is to say which do not 
impair the chemical stability of the one-component catalysts. 

Fused-on alicycllc rings preferably contain 3 to 8. particularly preferably 4 to 7. 
and especially preferably 5 or 6 ring C atoms. 

,n a preferred embodiment, the radicate T in formula (f1) correspond to cyc.oo.efin 
radicals of the formula (f2) 




(f2). 



in which Q, and Q 2 have the abovementioned meanings, including the preferred 

meanings. 
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The position of the double bond in the ring of the formula 02) with respect to the 
free bond essentially depends on the ring size and the preparation method for the 
compounds of the formula I. 

The cycloalkenyl radical of the formula 02) is particularly preferably unsubstituted 
or substituted by cyclopropenyl. cydobutenyl, cyclopentenyl. cycloheptenyl. 
cyclooctenyl. cyclopentadienyl. cyclohexadienyl. cydoheptadienyl. cydooctad.enyl 
and norbomenyl or norbomeny. derivatives, for example 7-oxa.2.2,2-cycloheptene 
. J: „ w«ri»iath/«R. Substituents are preferably C,-C 4 alkyl 

and U1B OUMCapui ivniiy — 

and C,-C«alkoxy. 

Particularly suitable radicals of the formula 02) are norbomenyl and norbomenyl 
d rivatives. Of these norbomenyl derivatives, particularly preferred derivatives are 
those which either correspond to the formula 03) 



in which 

X s is -CHR„- oxygen or sulfur; 

R 14 and R, 9 independently of one another are hydrogen. -CN. trifluormethyl, 
(CH 3 ),Si-0-. (CH 3 ) 3 Si- or -COOR^. and 

R, 6 and R„ independently of one another are hydrogen. C.-C^lky.. phenyl or 
benzyl; 

or correspond to the formula 04) 



04). 
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in which 

X« is -CHR.9-. oxygen or sulfur; 

R 19 is hydrogen. C-Calkyl, phenyl or benzyl; and 

R„ is hydrogen. C,-C»alkyl or halogen. 

The cycloalkenyl radical T in the formula <f1) is particularly preferably norbomenyl 
of the formula (nr«) 

A (nr 4 ). 

In formula (f 1 ). n is preferably an integer from 2 to 6. particularly preferably 2 to 4. 
and especially preferably 2 or 3. 

In formula (t). U is preferably an n-valent bridge group. 

Possible divalent bridge groups are. for example, those of the formula 05) 

in which rvmrv 
X, and X. independently of one another are a direct bond. -O-. -CH,-0-. -C(0)0-. 

-0(0)C-. -CH 2 -0(6)C, -C(0)-NIW. -R«»N-(0)C, -NH-C(0)-NFW. 
-0-C(0)-NH-. -CH,-0-C(0)-NH- or -NH-C(0)-0-. and 

is C-C.alky.ene. C-C.cycloalky.ene which is unsubstituted or substituted by 
C-Calkyl or C,-Calkoxy. C-C,.arylene or C,-C 19 aralkylene which are 
unsubstituted or substituted by C-Ca.ky. or C-Ca.koxy. or po.yoxaa.ky.ene 
having 2 to 12 oxaalkylene units and 2 to 6 C atoms in the alkylene. and 
R^isHorC-Calkyl. 

Alkylene Rom preferably contains 2 to 12. and particularly preferably 2 to 8 C 
atoms The alky.ene can be linear or branch d. Preferred cyc.oa.ky.ene is 
cyc.openty.ene. and in particular cyclohexylene. Some examples of arylene ar 
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phenylene.naphthy.ene.bipheny.en .biphenylen ether and anthraceny. n - An 
xample of aralkylene is benzylene. The polyoxaalkylene preferably conta,ns 2 to 
6. and particularly preferably 2 to 4 units, and preferably 2 or 3 C atoms in the 
alkylene. 

In a preferred embodiment in formula (f5). 

a) X, and X, are a direct bond and is CVCalkytene. more preferably 
C 2 -C 12 alkylene. or 

.... __..>, — .ru.ru -nroio-. -0(0)C-. -CH 2 -0(0)C-. 

D) Xj aru a« aic -w. — ■* — ,-■,-» 

-CH r O-C(6)-NH-, -C(0)-WRo29- or -Oe(G)-NH- and 

R*. is C-Calkylene, or phenylene. naphthylene or benzylene which are 

unsubstituted or substituted by C,-C 4 alkyl or C-C.alkoxy. or 

-^-(O-^-ORox-. ^ which x is a number from 2 to 4. and Rooo « 

-C 2 -C 4 alkylene. 

Some exam P .es of compounds of the formula (f5) with a divalent bridge group are 
^^CH^H^^ (43> 
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^^-CH 2 CH 2 CH 2 CH 2 CH 2 CH 2 



(46). 



40 



/^^} CHjCHjCHjCHjCHjCHjCHjCH, — j?J^ (47) ' 

^^)— CHjCHjC^CHjCHjCHjCHjCHjCHjCHj-j^f^ ^ 
£^^>— CHjCH^HjCHjCHjCHjCHjCHjCHjCHjCHjCHj— ^ 
i^^—CHjCHtCH^ (50> ' 

0- ch ^-0 {51) - 

^"^C^CH^HjCHr-^^ (52), 



|| (53), 
CH 2 CH 2 CH 2 CH 2 — I J 




-41 - 



^^^qOJNHCHjCHjCHjCHjNHfOJC-^^ (55) ' 
^^—CtOJOCHjCHjCHjCHjOCOJC— 2^^^ ^ 



(58) 



/Z^^J CHjOWOC.H.-CCOJOHjC ^>n>S 



(59). 



CH a O-C(0)-NH 



CH > i (60) and 

NH-QOJ-OHjC-^C^ 



CH 2 0-C(0)-NH — < ) ch, /C4 . 

CH 2 -NH-C(0)-OH 2 C— 



The compounds of the formula (f1) with a bridge group of th formula (f5) which is 
a pure hydrocarbon bridge are btainable, for example, by means of a Diels-Alder 
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reaction of a cyclic diene with a linear or branched aliphatic diene (see also 
EP 287 762), substance mixtures which are either further processed directly or 
separated beforehand by means of customary methods often being formed. 
Compounds of the formula (f 1 ) with a bridge group of the formula (f5) in which Xj 
and X« are not a direct bond are obtainable from the corresponding halides or 
dihalides, alcohols or diols, amines or diamines, carboxylic adds or dicarboxylic 
acids, or isocyanates or diisocyanates, via etherification, esterification or 
amidation reactions in a manner known per se. 

Possible bivalent bridge groups are, for example, those of the formula (f6) 



in which 

X 5l X« and X 7 are -0- ( -CH 2 -0-, -C(0)0-, -0(0)C-, -CH 2 -0(0)C-, -CfOJ-NRow-, 
-Ro29N-(0)C-, -NH-CfO-NfW, -O-0(O)-NH-, -CH 2 -0-C(0)-NH- or -NH-C(0)-0- ( 
and 

Ros, is a trivalent aliphatic hydrocarbon radical having 3 to 20, preferably 3 to 12 C 
atoms, a trivalent cycloaiiphatic radical which has 3 to 8, preferably 5 or 6 ring C 
atoms and is unsubstituted or substituted by C r C 4 alkyl or C r C 4 alkoxy, or a 
trivalent aromatic radical having 6 to 18, preferably 6 to 12 C atoms, which is 
unsubstituted or substituted by C,-C 4 alkyl or C r C 4 alkoxy. a trivalent araliphatic 
radical having 7 to 19, preferably 7 to 12 C atoms, which is unsubstituted or 
substituted by C r C 4 alkyl or C,-C 4 alkoxy, or a trivalent heteroaromatic radical 
having 3 to 13 C atoms and 1 to 3 heteroatoms from the group consisting of -O-, 
-N- and -S-, which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. 
and 

Roj, is H or C,-C^alkyl. 

In a preferred embodiment, Xj, X* and X 7 are -O-, -CH r O- ( -C(0)0-, -0(0)0-, 
-CH 2 -0(0)C-, -CfOJ-NFW, -O-0(O)-NH- or -CH 2 -0-C(0)~NH-. 
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Preferred radicals R^, are derived, for example, from triols, such as glycerol, 
trimethylolpropane, butanetriol, pentanetriol, hexanetriol, trihydroxycyclohexane, 
trihydroxybenzene and cyanuric acid; triamines, such as diethytenetriamine; 
tricarboxylic acids, such as cyciohexanetricarboxylic acid or trimellrtic acid: and 
triisocyanates, such as benzene triisocyanate or cyanuric triisocyanate. 

Some examples of compounds of the formula (f1) with a trivalent bridge group are 

X ^-(0)0-2^ 
^<T~ C(0)-0— CH A 



A H,C-CH 2 -<HO)C— 




(64). 



-CH 2 0-(0)C-HN HN-(0)C-OH 2 C-^\^ 

YY 



(55) and 



T 

HN-(0)C-OH,C- 



(66). 



C(0)-OH 2 C- 
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Possible tetravalent bridge groups are, for example, those of the formula (f7) 

i 

7 

in which 

X* X* X 7 and X* are -C(0)0-. -CH r O(0)C- or -C^-NR^- f and 
Ron is a tetravalent aliphatic hydrocarbon radical having 4 to 20, preferably 4 to 12 
C atoms, a tetravalent cycloaliphatic radical having 4 to 8, preferably 5 or 6 ring C 
atoms, which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 aikoxy, or a 
t travalent aromatic radical having 6 to 18, preferably 6 to 12 C atoms, which is 
unsubstituted or substituted by Cj-C^alkyl or C t -C 4 alkoxy, a tetravalent araiiphatic 
radical having 7 to 19, preferably 7 to 12 C atoms, which is unsubstituted or 
substituted by d-C^alkyl or € 1 -C 4 alkoxy t or a tetravalent heteroaromatic radical 
having 3 to 13 C atoms and 1 to three heteroatoms from the group consisting of 
-O, -N- and -S-, which is unsubstituted or substituted by C,-C 4 alkyl or 
C r C 4 alkoxy, and 
Ron is H or Cj-Cealkyl. 

Some examples of tetrafunctional compounds from which can be derived are 
pentaerythritol, pyromellitic add and 3 t 4,3',4'-biphenyltetracarboxylic acid. 

Preparation methods which can be used are the same methods as for the 
preparation of the abovementioned compounds with a di- or trivalent radical. 
Some examples of compounds of the formula (f1) with a tetravalent bridge group 
are 
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(67) and 




(68) 



Polyols, such as dipentaerythritol or hexahydrohexane, which can be reacted with 
corresponding cycloolefinmonocarboxylic acids, may be mentioned as an example 
of compounds which are more than tetravalent and from which the bridge group 
can be derived. 

Polymers and comonomers which contain only carbon and hydrogen are 
particularly preferred according to the invention. Norbomene is especially 
preferably contained as a comonomer in amounts of, for example, 20 to 60% by 
weight. 

The comonomeric cycloolefins can be contained in an amount of 0.01 to 99% by 
weight, preferably 0.1 to 95% by weight, particularly preferably 1 to 90% by 
w ight, and especially preferably 5 to 80% by weight, based on the polymers and 
monomers present in the composition. 

The composition according to the invention can comprise solvents, especially if it 
is used for the production of coatings. 

Suitable inert solvents ar , for example, protic-polar and aprotic solvents, which 
can be used alone or in mixtures of at least two solvents. Examples are: ethers 
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(dibutyl ether, tetrahydrofuran, dioxane, ethylene glycol monomethyl or dimethyl 
ether, ethylene glycol monoethyl or diethyl ether, diethylene glycol diethyl ether 
and Methylene glycol dimethyl ether), halogenated hydrocarbons (methylene 
chloride, chloroform, 1,2-dichIorethane, 1,1,1-trichtorethane and 1.1,2,2-tetrachfor- 
ethane), carboxylic acid esters and lactones (ethyl acetate, methyl propionate, 
ethyl benzoate, 2-methoxyethyl acetate, y-butyrolactone, 5-valerolactone and 
pivalolactone). carboxylic add amides and lactams (N.N-dimethytfonrnamidft; N ; N- 
diethylformamide, NvN-dimethylacetamide, tetramethylurea, 
hexamethylphosphoric acid triamide, y-butyrolactam, €-caprolactam, 
N-methylpyrrolidone, N-acetylpyrrolidone and N-methylcaprolactam), sulfoxides 
(dimethyl sulfoxide), sulfones (dimethyl sulfone, diethyl sulfone, trimethylene 
sulfone and tetramethylene sulfone), tertiary amines (N-methylpiperidine and 
N-methylmorpholine), aliphatic and aromatic hydrocarbons, for example petroleum 
ether, pentane, hexane, cydohexane, methylcyclohexane, benzene or substituted 
benzenes (chlorobenzene, o-dichlorobenzene, 1,2,4-trichlorobenzene, 
nitrobenzene, toluene and xylene) and nitrites (acetonitrile, propionate, 
benzonitrile and phenylacetonitrile). Preferred solvents are aprotic polar and non- 
polar solvents. 

.The choice of solvents depends chiefly on the properties of the one-component 
catalysts, which must not be deactivated by the solvents used. Ruthenium and 
osmium catalysts can be used together with polar protic solvents, for example 
water or afkanols. These catalysts are also insensitive to air, oxygen and moisture, 
and corresponding crosslinkable compositions can be processed without particular 
protective measures. In the case of the other one-component catalysts, the 
exclusion of oxygen and moisture is advisable. The compositions are stable to 
storage, storage in the dark being advisable because of the sensitivity to light. 

The composition according to the invention can comprise formulation auxitiari s 
and additions to improve the physical or mechanical properties. The compounds 
mentioned above as solvents are suitable as such substances. Known auxiliaries 
are stabilizers, for xample antioxidants and light stabilizers, plastidz rs, dyes, 
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pigments, tixotropic fsicj agents, viscosity improvers, antistatics, lubricants and 
mould release auxiliaries. 

The compositions according to the invention can be polymerized even if they also 
comprise fillers or reinforcing fillers in relatively large amounts. They can comprise 
these fillers in amounts of 0.1 to 90% by weight, preferably 0.5 to 80% by weight, 
more preferably 1 to 70% by weight, particularly preferably 5 to 60% by weight, 
and especially preferably 10 to 50% by weight, based on the monomers present 

Suitable reinforcing fillers are, in particular, those having a length to width ratio of 
at least 2. These are often fibrous or needle-shaped fillers. Some examples are 
fibres of plastics, carbon fibres, glass fibres, silicatic fibres, such as asbestos, 
whisker and wood fibres. 

Suitable fillers are, for example, metal powders, wood flour, glass powders, glass 
beads, semimetal and metal oxides, for example Si0 2 (aerosils and quartz), 
corundum and titanium oxide, semimetal and metal nitrides, for example silicon 
nitride, boron nitride and aluminium nitride, semimetal and metal carbides [sic], 
metal carbonates (dolomite and CaCOj), metal sulfates (barite and gypsum), rock 
powders and naturally occurring or synthetic minerals, chiefly from the silicate 
series, for example talc, wollastonite, bentonite and others. 

Catalytic amounts for the one-component catalyst in the context of the present 
invention preferably means an amount of 0.001 to 20 mol %, more preferably 0.01 
to 15 mol %, particularly preferably 0.01 to 10 mol %, and especially preferably 
0.01 to 5 mol %, based on the amount of the monomer. Because of the high 
photocatalytic activity in ruthenium and osmium catalysts containing phosphene 
groups, amounts f 0.001 to 2% by weight are especially preferred in this cas . 

The compositions according to the invention advantageously comprise the novel 
thermal and/or photochemical one-compon nt catalysts below: 
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1. Heat-stable ruthenium or osmium compounds which can be activated by 
radiation and have at least one photolabile ligand bonded to the ruthenium or 
osmium atom, the remaining coordination sites being satisfied by non-photolabile 
Kgands. 

Heat stability in the context of the invention means that the photocatafytically 
active metal compounds form no active species for the ring-opening metathesis 
nolymenzatinn *?hen bested. For example, at room temperature to slightly 
elevated temperature, such as about +40°C, the catalyst can initiate no ring- 
opening metathesis polymerization with exclusion of light in the course of weeks. 
Only an insignificant amount (less than 0.2% by weight) of monomer is reacted 
during this period. The heat stability can be determined, for example, by storing a 
toluene solution with 20% by weight of monomer and 0.33% by weight of metal 
catalyst in the dark at 50°C for 96 hours, and any amount of polymer formed, 
which can be detected by the build-up in viscosity and can be determined 
quantitatively by precipitation in a precipitant, for example ethanol, filtration and 
drying, is not more than 0.5% by weight, and preferably not more than 0.2% by 
weight. 

Organic or inorganic compounds, atoms or ions which are coordinated onto a 
metal centre are designated as ligands for the ruthenium and osmium compounds 
to be used according to the invention. 

Photolabile ligand in the context of the present invention means that when the 
catalyst is irradiated by light in the visible or ultraviolet spectral range, the ligand 
dissociates from the catalyst and forms a catalytically active species for the 
metathesis polymerization. Nonionic photolabile ligands are preferred according to 
the invention. 

The photolabile ligands can be, for exampl , nitrogen (N 2 ), monocyclic, polycyclic 
or fused arenes having 6 to 24, preferably 6 to 18, and particularly preferably 6 1 
12 C atoms, which are unsubstituted or substituted by OH, C,-C 4 alkyl, 
C,-C 4 alkoxy t C 6 -C 1? aryl or halogen, or monocyclic heteroarenes, fused 
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heteroarenes or fused arene-heteroarenes having 3 to 22, preferably A to 16, and 
in particular 4 to 10 C atoms and 1 to 3 heteroatoms chosen from the group 
consisting of O, S and N, which are unsubstituted or substituted by C,-C 4 alkyl, 
C,-C 4 alkoxyor halogen; or aliphatic, cycloaliphatic, aromatic or araliphatic nitrites 
having 1 to 22, preferably 1 to 18. particularly preferably 1 to 12. and especially 
preferably 1 to 7 C atoms, which are unsubstituted or substituted by C,-C«alkyl, 
C,-C 4 alkoxy or halogen. The preferred substituents are methyl, ethvl methow 

- ' * » 

ethoxy : fluorine, chlorine and bromine. The arenes and heteroarenes are 
preferably substituted by one or two radicals, and particularly preferably are 
unsubstituted. Among the heteroarenes, the electron-rich heteroarenes are 
preferred. The arenes and heteroarenes can be both r- and a-bonded; in the last 
case, they are then the corresponding aryl and heteroaryl radicals. The aryl 
preferably contains 6 to 18, particularly preferably 6 to 12 C atoms. The heteroaryl 
preferably contains 4 to 16 C atoms. 

Some examples of arenes and heteroarenes are benzene, p-cumene, biphenyl, 
naphthalene, anthracene, acenaphthene, fluorene, phenanthrene, pyrene f 
chrysene, fluoranthrene, furan, thiophene, pyrrole, pyridine, y-pyran, y-thiopyran, 
pyrimidine, pyrazine, indole, coumarone. thionaphthene, carbazole, dibenzofuran, 
dibenzothiophene, pyrazole, imidazole, benzimidazole, oxazofe, thiazole, 
isoxazote, isothiazole, quinoline, isoquinoline, acridine, chromene, phenazine, 
phenoxazine, phenothiazine, triazines, thianthrene and purine. Preferred arenes 
and heteroarenes are benzene, naphthalene, thiophene and benzothiophene. The 
arene is especially preferably benzene and the heteroarene is especially 
preferably thiophene. 

The nitrites can be substituted, for example by methoxy, ethoxy, fluorine or 
chlorine; the nitrites are pref rably unsubstituted. The alkylnitriles are pref rably 
linear. Some examples of nitrites are acetonitrile, propionitrile. butyronitrile, 
pentylnitrile, hexylnitrile, cyclopentyl- and cydohexylnitrile, benzonitrile, 
methylbenzonitrile, benzylnitrile and naphthylnitrile. The nitrites are preferably 
linear C,-C 4 alkylnitriles or benzonitril . Of th alkylnitriles, acetonitrile is particularly 
preferr d. 
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In a preferred sub-group, the photolabile ligands are N 3 , benzene which is 
unsubstituted or substituted by one to three C t -C 4 alkyl, thiophene. benzonitrile or 
acetonrtrile. 

Non-photoiabile ligand (also called highly coordinating ligand) in the context of the 
present invention means that when the catalyst is irradiated in the visible or near- 
ultravioiet spectral range, the ligand does not dissociate or dissociates to only an 
insignificant extent from the catalyst 

The non-photolabile ligands can be solvating inorganic and organic compounds 
which contain the heteroatoms O, S or N and are often also used as solvents, or 
cyclopentadienyl or indenyl which are unsubstituted or substituted by C,-C 4 alkyl. 
C 1 -C 4 alkoxy f (C^alkylkSi or (C r C 4 alkyl) 3 SiO. Examples of such compounds 
are H 2 0, H 2 S and NH 3 ; halogenated or unhalogenated, in particular fluorinated or 
chlorinated, aliphatic or cycloaliphatic alcohols or mercaptans having 1 to 18, 
preferably 1 to 12, and particularly preferably 1 to 6 C atoms, aromatic alcohols or 
thiols having 6 to 18, preferably 6 to 12 C atoms, and araliphatic alcohols or thiols 
having 7 to 18, preferably 7 to 12 C atoms; aliphatic, cycloaliphatic, araliphatic or 
aromatic ethers, thioethers, sulfoxides, suffones, ketones, aldehydes, carboxylic 
acid esters, lactones, optionally N-C r C 4 mono- or -dialkylated carboxylic acid 
amides having 2 to 20, preferably 2 to 12, and in particular 2 to 6 C atoms and 
optionally N-C,-C 4 alkylated lactams; aliphatic, cycloaliphatic, araliphatic or 
aromatic, primary, secondary and tertiary amines having 1 to 20, preferably 1 to 
12, and particularly preferably 1 to 6 C atoms; and unsubstituted or substituted 
cyclopentadienyls, for example cyclopentadienyl, indenyl and mono- or 
polymethylated or trimethylsilylated cyclopentadienyls or indenyls. 

Examples of such non-photolabile ligands are methanol, ethanol, n- and 
i-pr panol, n-, i- and t-butanol, 1,1 J-trifluoroethanol, bistrifluoromethylmethanol, 
tristrifluoromethylmethanol, pentanol, hexanol, methyl- or thylmercaptan, 
cyclopentanol, cyclohexanol, cycloh xylmercaptan, phenol, methylphenol, 
fluorophenol, phenylmercaptan, benzylmercaptan, benzyl alcohol, diethyl ether, 
dimethyl ether, diisopropyl eth r ( di-n- or di-t-butyl ether, t trahydrofuran, 
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tetrahydropyran, dioxane, diethyl thioether, tetrahydrothiophene, dimethyl 
sulfoxide, diethyl sulfoxide, tetra- and pentamethylene sulfoxide, dimethyl suifone. 
diethyl suifone, tetra- and pentamethylene suifone, acetone, methyl ethyl ketone, 
diethyl ketone, phenyl methyl ketone, methyl isobutyl ketone, benzyl methyl 
ketone, acetaldehyde, propionafdehyde, trifluoroacetaldehyde, benzaldehyde, 
ethyl acetate, butyrolactone, dimethylformamide, dimethylacetamide, pynrolidone 
and N-methylpyrrolidone, indenyl, cydopentadienyl, methyl- or dimethyl- or 
pentamethylcyclopentadienyl and trimethylsilylcyclopentadienyl 

The primary amines can be those of the formula R M NH 2 , the secondary amines 
those of the formula R w RmNH and the tertiary amines those of the formula 
RmRkRztN, in which R» is CrC IB alkyl, C 5 - or C*cycIoalkyl which is unsubstituted 
or substituted by Chalky! or d-C^lkoxy, or C 6 -C 18 aryl or C r C 12 aralkyl which are 
unsubstituted or substituted by C^aikyl or C r C 4 alkoxy ( R w independently has 
the meaning of R35, or R» and R M together are tetramethylene, pentamethylene, 
3-oxa-1,5-pentylene or-CHrCH r NH-CH r CH r or -CH 2 -CH 3 -N(C 1 -C 4 alkyl)-CH 2 - 
CH r , R25 and P M independently of one another have the abovementioned 
meanings, and R27 independently has the meaning of The alky! preferably 
contains 1 to 12, and particularly preferably 1 to 6 C atoms. The aryl preferably 
contains 6 to 12 C atoms and the aralkyl preferably contains 7 to 9 C atoms. 
Examples of amines are methyl-, dimethyl- trimethyh ethyl-, diethyl-, triethyh 
methylethyh dimethylethyl, n-propyh di-n-propyl- ( tri-n-butyl-, cyclo-hexyh 
phenyl- and benzylamine, and pyrrolidone, N-methylpyrrolidine f piperidine, 
piperazine, morpholine and N-methylmorpholine. 

In a preferred sub-group, the non-photolabile ligands are H 2 0, NH 3 and 
unsubstituted or partly or completely fluorinated C,-C 4 alkanols. H 2 0, NH 3 . 
cyclopentadi nyl, methanol and ethanol are specially preferred. 

The ruthenium and osmium compounds to be used according to the inv ntion can 
be mono- or polynuclear, for example those having two or three metal centres. 
The metal atoms can be bonded here via a bridge group or metal-metal bonds. 
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Among the compounds with a plurallity of metal centres, those of the formula Villa 
orVlllb 

A, 



/ \ 
Ug— Me Me— Lig 

\ / 



12* 
2Y" 



(Vllla) 



Me Me 



ug 



(Vlllb) 



2Y" 



in which Lig is a photolabile ligand and Me is Ru or Os, A* A, 0 and A„ are a 
divalent bridge group, and Y" is a monovalent non-coordinating anion, are 
preferred. The bridge group is preferably ionic, and particularly preferably a halide, 
especially preferably chloride, bromide or iodide. The photolabile ligand is 
preferably identical or different arenes, and Y" can be the anions listed below, and 
specially chloride, bromide or iodide. An example of such complexes is 
[CsHeRufCOsRuCy-leJCI. Preferred catalysts according to the invention correspond 
to the formula IX 



[(Me-)(L 1 l 'UL, IJ )o(L3 l3 )p(L 4 ,4 ),(L 5 ,s ),(U l6 )J(L 7 ,7 ) l (IX) 

in which 

Me is ruthenium or osmium; 
n is 0, 1.2, 3,4, 5,6. 7 or 8; 

L, is a photolabile ligand; 

L 2 , L„ L«, L 5 and L, independently of one another are a non-photolabile or a 

photolabile ligand; 
m is 1 , 2. 3, 4, 5 or 6; 

o. p, q. r and s independently of one another areO, 1. 2. 3, 4 or 5; 
z„ z 2 , z 3 , z 4 , z« and z 7 independently of one another are -4. -3. -2, -1, 0. +1 or 
+2; and 

L 7 is a non-coordinating cation or anion; 
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where the sum ofm + o + p + q + r + sisan integer from 2 to 6 and t is the 
quotient of (n + m • z, + o • z 2 ♦ p *z 3 + q • z 4 ♦ r • Zs + s • Ze)/z r . 

In the formula IX, L 7 is preferably halogen (for example CI, Br and J) ( the anion of 
an oxygen acidBF 4l PF 6t SiF 6 or AsF a . 

The anions of oxygen adds can be, for example, sulfate, phosphate, perchlorate. 
perbromate, periodate, antimonate, arsenate, nitrate, carbonate, the anion of a 
C-CBcarboxylic acid, for example formate, acetate, propionate, butyrate. 
benzoate, phenylacetate or mono-, di- or trichloro- or -fluoroacetate. sulfonates, 
for example methylsulfonate. ethylsulfonate, propylsuKonate, butylsulfonate. 
trifluoromethylsulfonate (triflate) or phenylsulfonate or benzylsulfonate which are 
unsubstituted or substituted by C,-C 4 alkyl, C,-C 4 alkoxy or halogen, in particular 
fluorine, chlorine or bromine, for example tosylate, mesylate, brosylate, 
p-methoxy- or p-ethoxyphenylsulfonate, pentafluorophenylsulfonate or 
2,4,6-triisopropylsutfonate, and phosphonates, for example methylphosphonate. 
ethylphosphonate, propylphosphonate. butylphosphonate. phenylphosphonate. 
p-methylphenylphosphanate and benzylphosphonate. 

Preferably, in the formula IX, Me is ruthenium, in particular Ru 2 *. 

A group of compounds of the formula IX which is to be singled out in particular is 
that in which the ligands U L 3 . L 3 . U U and U independently of one another are 
aliphatic, cycloaliphatic, aromatic or araliphatic nitriles having 1 to 22 C atoms, 
which are unsubstituteo or substituted by C,-C 4 alkyl, C,-C 4 alkoxy or halogen, or 
C 6 -C ia aryl; or L t , L 2 and L 3 together are monocyclic, polycyclic or fused arenes 
having 6 to 24, preferably 6 to 18. and particularly preferably 6 to 12 C atoms, 
which are unsubstituted or substitututed by -OH, C,-C 4 alkyi. C,-C 4 alkoxy. 
C 6 -C 12 aryl or halogen, or monocyclic heteroaren s. fused heteroarenes r fused 
arene-heteroarenes having 4 to 22 C atoms and 1 t 3 h teroatoms ch sen from 
the group consisting of O. S, and N, which are unsubstituted or substituted by 
-OH, C r C 4 alkyl, C r C 4 alkoxy or halogen, and L 4 . L, and U togeth r have th sam 
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meaning, or individually, independently of one another, are N 2 or the said nitrile or 
the said C 6 *C ia aryl. 

A preferred sub-group of the above compounds of the formula IX are those in 
which the ligands L,, L 2 , L 3 , U. Uand L« independently of one another are N 2 . 
C-Cjoalkylnitrile, C a -C 12 arylnitrile. C 7 -C 12 aralkylnitrile, C 8 -C 12 aryl or L lt L 2 and L 3 
each together are the groups A, or A 3 



in which 

R M . R». R30. R 3 i. Raa. R33. Rm» Rj3. R36 and R 37 independently of one another are hydrogen, 
(VCjoalkyl, d-C^lkoxy, aryl or SiR^RjsR^ where, in the case of groups A, and A 2 on 
adjacent carbon atoms, an aromatic or heteroaromatic ring, the heteroatoms of which are 
chosen from oxygen, sulfur and nitrogen, can be fused on; and and R40 

independently of one another are C r C 12 alkyl ( C 5 - or C 6 cycloalkyl, or phenyl or benzyl which 
are unsubstituted or substituted by Chalky! or C r C 6 alkoxy. preferably C-Cealkyl. phenyl 
or benzyl, particularly preferably C,-C 4 alkyl, phenyl or benzyl, and 
L 4 . L 5 and L« likewise together have this meaning or are each individually N 3 , the 
said nitrites or the said C 6 -C 12 aryl, or are an arene or heteroarene. 

From this r: ~ jp of compounds of the formula IX which is to be singled out, 
preferred compounds are thos in which 

U L 2 . L 3 . L 4 . L 5 and U independently of one another are C r C t2 alkylnitrile, 
C 6 -C 12 arylnitrile, or L u L 2 and L 3 each together are the groups A, or A 2 and L 4( L 3 
and L« likewise together have this meaning or each individually are N 2 , the said 
nitriles or the said arene or het roaren of the formulae A, and A 2 , in which 
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R». R29. R» R 3 i. Rw. Rm. Rm. Ra$. Raa and R 37 independently of one another are 
hydrogen, C,-Cealkyl, C^alkoxy, SiR^^R*, or phenyl, where, in the case of the 
groups A, and A 2 on adjacent carbon atoms, a benzene ring can be fused on, and 
R38* R» and R40 are methyl, ethyl or phenyl. 

In an especially preferred embodiment of the process according to the invention, 
the catalyst used is that of the formula !X, in which 

L 1t L 2( L 3t L4, L5 and 1* independently of one another are meihyiniiriie, eihyinitriie 
or phenylnitrile, or L 1p L 2 and L 3 each together are the groups At or A 2 and U. U 
and U likewise together have this meaning or each individually are the said 
nitrites, in which R* t R», R*, Rj,, R». Rw. R35. R» and R 3T independently of 
one another are hydrogen, methyl, methoxy or phenyl, where, in the case of the 
groups A t and Aj on adjacent carbon atoms, a benzene ring can be fused on. 

Another particularly preferred sub-group of the compounds of the formula IX are 
those in which L,, L 2 and L 3 together are monocyclic, polycyclic or fused arenes 
having 6 to 24, preferably 6 to 18, and particularly preferably 6 to 12 C atoms, 
which are unsubstituted or substituted by C t -C 4 alkyl, C r C 4 alkoxy, C 9 -C 12 aryl or 
halogen, or monocyclic heteroarenes, fused heteroarenes or fused arene- 
heteroarenes having 4 to 22, preferably 4 to 16, and in particular 4 to 10 C atoms 
and 1 to 3 heteroatoms chosen from the group consisting of O, S and N, which are 
unsubstituted or substituted by d-C^alkyl, C,-C 4 alkoxy or halogen, and U U and 
U are a non-photolabile ligand, the previous preferred meanings also applying 
here. 

In this sub-group, L„ L 2 and L 3 are preferably benzene or naphthalene, and the 
non-photolabile ligand is preferably H 2 O f NH 3 . C,-C 4 alkanol or -alkanethiol which 
are unsubstituted or substituted by fluorine, aliphatic ethers, thioethers. sulfoxides 
and sulfones having 2 to 8 C atoms, dimethylformamide or N-methylpyrrolidone. 

In another pref rred sub-group of compounds of the formula X, the compounds 
ar ruth nium and osmium compounds of the formula X 
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|L,Me(L«) 5 J'*[Y l *] 2rt (X). 

in which L, is a photolabile ligand and L« is a non-photolabile ligand, Me is Ru or 
Os, Y, is a non-coordinating anion and x is the numbers 1 , 2 or 3. For the 
photolabile ligands, non-photolabile ligands, Me and Y,. the abovementioned 
preferred meanings apply. Particularly preferably. L, is N 2 or a nitrile, for example 
C,-C 4 alkylnitrile (acetonitrile), benzonitriie or benzylnitrile, L, is NH 3 or an amine 
having 1 to 12 C atoms, Y, is a non-coordinating anion and x is the number 1 or 2. 

Catalysts which are particularly suitable for the present invention are (tos is 
tosylate and tis is 2,4,6-triisopropylphenylsulfonate): Ru(CH,CN)«(tos) 2 . 
Ru(CH 3 CH 2 CN),(tos) 2 , Ru(CH 3 CN) 6 {CF 3 S0 3 ) 2 , Ru(CH s CH,CN) 6 (CF s S03) 2 . 
RutC.H.Wtos),. [Ru(C 6 Hs)(C,H s OCH 3 )](BF 4 ) 2l [Ru(C 6 H,)<C.H,i-propyl)](BF 4 ) 2 . 
[Ru(C e H 8 )(1.3 l 5-trimethvlphenol)l(8F 4 ) 2l [RurCBHaJthexamethylbenzeneJKBFJ,. 
(Ru(C,H 4 )(biphenyl)](BF 4 ) 2t [Ru(C,ry(chrysene)](BF 4 )„ 
(Ru(C e H 6 )(naphthatene))(BF 4 ) 2 , [Ru(cyclopentadienyl)(4-methylcumyl)]PF,. 
[Ru(cyanophenyl)s](tos) 3 . [Ru(cyanophenyl) e ](CF ] S0 3 )i l 
[Ru(C 9 H 6 )(tetramethytthiophene)J(tos) 3 . [RulQHaJCCHjCNljKtos),, 
[Ru(C 6 H 6 )(tetramethylthiophene))](CF 3 S03) 2 .[Ru(C,H a )(CH 3 CN) 1 ](CF 3 S0 3 ) 2 , 
[RutCeHeJtCHjOHWdOS),, IRutC.HeMCHjOHMOiS),. (OsCNHjJjNJtPF,),, 
IRu(NH 3 ) 5 N 2 J(PF a ) 2 , [RuCNHjMCHjCNMBF,, [Ru(C e H 0 (NH 3 ) 3 ](tis) 2 . 
[Ru(C,H a (tetrahydrothiophene) 3 l(CF,S0 3 ) 2 ,[Ru((CH 3 ) 2 S) 1 C,Hj(tos) 2 ,(Ru(dimethyl 
sulfoxide) 3 C s H 6 J(PF 6 ) 2 . IRu(dimethylformamide) 3 C 9 HJ(PF f J,. lRu(C 6 H,)CIJ 2 and 
(Os(C,H 6 )CIJ 2 . 

Ruthenium and osmium catalysts to be used according to the invention are either 
known and in some cases commercially obtainable, or can be prepared 
analogously to known processes. Such catalysts and their preparation are 
described, for example, in Gilkerson, W.R., Jackson, M.D., J. Am. Chem. Soc. 
101:4096-411 (1979), Bennett. M.A., Matheson, T.W., J. Organomet. Chem. 
175:87-93 (1979). Moorehouse, S.. Wilkinson, G., J. Chem. Soc; Dalton Trans., 
2187-2190 (1974) and Luo. S.. Rauchfuss. T.B.. Wilson. S R.. J. Am. Chem. Soc. 
114:8515-8520(1992). 
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2. Heat-stable molybdenum(VI) or tungsten(VI) compounds which can be 
activated by heat or with radiation and have at least two methyl groups or two 
monosubstrtuted methyl groups bonded to the metal, the substituent having no 
hydrogen atom in the a position. 

The other valencies of the molybdenum- and tungsten are preferably satisfied by 
heat-stable neutral ligands, a very large number of which are known. The number 
of neutral ligands may also exceed the stoichiometrically possible number 
(solvates). Heat stability has been explained above. At temperatures above 50°C, 
for example 60 to 3Q0°C, these molybdenum and tungsten compounds are also 
activated by heat. 

The molybdenum and tungsten compounds to be used according to the invention 
can be those which contain one metal atom, or two metal atoms bonded via a 
single, double or triple bond. The methyl group or monosubstrtuted methyl group 
bonded to the metal is bonded at least twice, particularly preferably two to six 
times, and especially preferably two to four times, as a ligand. This ligand 
preferably is that of the formula IX 

-CH r R (XI). 

in which R is H, -CF 3 , -SiR^R** -CR^R*. or C 6 -C ia aryl or C 4 -C 15 heteroaryl 

having 1 to 3 heteroatoms from the group consisting of O, S and N, which are 

unsubstituted or substituted by C r C 6 alkyl or C,-C 6 alkoxy; and 

R 41 , R 42 and R* independently of one another are C r C 10 alkyl, which is 

unsubstituted or substituted by C t -C 10 alkoxy, or R*, and R 42 have this meaning and 

Ro is C 6 -C 10 aryl or C 4 -C 9 heteroaryl, which is unsubstituted or substituted by C r 

C^alky! or C,-C 6 alkoxy; and 

Ra. R39 and R*o are as defined abov . 

Alkyl Rm to R 0 can be linear or branched and preferably contain 1 to 8 t and 
particularly preferably 1 to 4 C atoms. Aryl R M to R 43 is preferably phenyl or 
naphthyl. 
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Aryl R in formula XI is preferably phenyl or naphthyl. Heteroaryl R in formula XI is 
preferably pyridinyl. furanyl. thiophenyl or pyrrolyl. 

Preferred substituents for R M to R«3 in the context of the definitions are methyl, 
ethyl, methoxy and ethoxy. Examples of the radicals R M to R«, have been given 
above under the compounds of the formula I. 

In s preferred embodiment, the group R in formula XI is H. -C(CH,)s, -(CHJjCaHs, 
phenyl which is unsubstrtuted or substituted by methyl, ethyl, methoxy or ethoxy. 
-CF„or-Si<CH,) 3 . 

The other valencies of the Mo(VI) and W(VI) atoms may be satisfied by identical 
or different ligands from the group consisting of =0, =N-R«4, secondary amines 
having 2 to 18 C atoms, R^O-, R^S-. halogen, unsubstituted or substituted 
cyclopentadienyi, bridged biscyclopentadienyl, tridentate monoanionic ligands and 
neutral ligands, for example ethers, nitrites. CO and tertiary phosphines and 
amines, in which the R«s independently of one another are linear or branched 
C,-C ie alkyl which is unsubstituted or substituted by C,-C^lkoxy or halogen. C 5 - or 
C,cycloalkyl which is unsubstituted or substituted by C,-Cealkyl, C,-C,alkoxy or 
halogen, phenyl which is unsubstituted or substituted by C,-C 6 alkyl. C,-C5alkoxy. 
C-Csalkoxymethyl. C,-C s alkoxyethyl or halogen, or benzyl or phenylethyl which 
are unsubstituted or substituted by C,-C 6 alkyl, C r C 5 alkoxy, 0,-Cealkoxymethyl, C,- 
Cgalkoxyethyl or halogen; and R* is linear or branched C,-C„alkyl which is 
unsubstituted or substituted by C,-Cealkoxy. C 5 - or Ccydoalkyl which is 
unsubstituted or substituted by C,-Cealkyl. C,-C 8 alkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-C«alkyl. C,-C 5 alkoxy. C,-C,alkoxymethyl. 
C,-C 6 alkoxyethyl, di(C,-C 6 alkyl)amino, di(C,-C 6 alkyl)amino-C,-C 3 alkyl or halogen, 
or benzyl or phenylethyl which are unsubstituted or substituted by C,-C,alkyl, 
C,-C 6 alkoxy. C,-C 6 alkoxy methyl. C,-C s alkoxyethyl or halogen. 

Secondary amines are preferably those of th formula R^tN-, in which R* and 
R 47 independently of one another are lin ar or branched d-Ctgalkyl; C s - or 
C 6 cycl alkyl; benzyl or phenylethyl which ar unsubstituted or substitut d by 
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0,-Cealkoxy, 0 r halogen, or (C,-C«alkyl) 3 Si; or R* and R 47 together are 
tetramethylene, pentamethylene or3-oxapentane-1,5-diyl. The alkyl preferably 
contains 1 to 12, and particularly preferably 1 to 6 C atoms. Some examples are 
dimethyl-, diethyl-, di-n-propyh di-i-propyh di-n-butyl-, methylethyh dibenzyh 
benzylmethyl-, diphenyh phenyl-methylamino and di(trimethylsilyl)amino. 

Halogen as a ligand or substituent is preferably F or CI, and particularly preferably 

v/i. 

The cyclopentadienyl can be unsubstituted or substituted by one to five C,-C 4 alkyl, 
in particular methyl, or -Si(C 1 -C 4 aikyl), in particular -Si(CH 3 ) 3 . Bridged 
cyclopentadienyls are, in particular, those of the formula R^-A-R^, in which R* is 
cyclopentadienyl which is unsubstituted or substituted by one to five C,-C 4 allcyl, in 
particular methyl, or -SKC^alkyl). in particular -SKCHJa . and A is -CH r . 
-CH 2 -CH 2 -, -Si(CH 3 ) r , -Si(CH 3 ) 2 ^i(CH 3 ) 2 - or .Si(CH3) 2 -OSi(CH 3 ) r . 

Ethers as neutral ligands can be dialkyl ethers having 2 to 8 C atoms or cyclic 
ethers with 5 or 6 ring members. Some examples are diethyl ether, methyl ethyl 
ether, diethyl [sicj ether, dki-propyl ether, di-i-propyl ether, di-n-butyl ether, 
ethylene glycol dimethyl ether, tetrahydrofuran and dioxane. 

Nitrites as neutral ligands can be aliphatic or aromatic nitrites having 1 to 12, 
preferably 1 to 8 C atoms. Some examples are acetonitrile, propionitrile, 
butylnitrile, benzonitrile and benzylnitrile. 

Tertiary amines and phosphines as neutral ligands can be those having 3 to 24, 
preferably 3 to 18 C atoms. Some examples are trimethylamine and -phosphine, 
triethylamine and -phosphine, tri-n-propylamine and -phosphine, tri-n-butylamine 
and -phosphine, triphenylamine and -phosphine, tricydohexylamine and 
-phosphine, phenyldimethylamine and -phosphine, benzyldimethylamine and 
-phosphine, 3,5-dimethylphenyl-dimethylamine and -phosphine. 
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The tridentate monoanionic ligands can be. for example. hydro(tris-pyrazol-1- 
yl)borates or alkyl(trispyrazol-1-yl)borates, which are unsubstftuted or substituted 
by one to three C,-C 4 alkyl [see Trofimenko. S.. Chem. Rev.. 93:943-980 (1993)]. 
or [C 5 (R , s )Co(R 50 R 5 ,P=0)3l-, in which R' is H or methyl and R M and Rj, 
independently of one another are C,-C 4 alkyl, C.-C^lkoxy or phenyl (see Klaui. W.. 
Angew. Chem. 102:661-670 (1990)]. 

Halogen as a substituent for the radicals R* and R« is preferably fluorine, and 
particularly preferably chlorine. The substituents alkyl. alkoxy or alkoxy in 
alkoxymethyl or -ethyl preferably contain 1 to 4. and in particular 1 or 2 C atoms. 
Examples are methyl, ethyl, n- and i-propyl. rv. i- and t-butyl. methoxy. ethoxy. n- 
and i-propyloxy and n-. i- and t-butyloxy. 

Alkyl R^ and R« preferably contain 1 to 12, particuiariy preferably 1 to 8. and 
especially preferably 1 to 4 C atoms. The alkyl is preferably branched alkyl. Some 
examples of R„ are methoxy. ethoxy, n- and i-propyloxy. n-, i- and t-butyloxy. 
hexafluoro-i-propyloxy and hexa- and perfluorobutyloxy. 

Some examples of substituted phenyl and benzyl R„and R* are p-methylphenyl 
or benzyl, p-fluoro- or p-chlorophenyl or -benzyl, p-ethylphenyl or -benzyl, p-n- or 
i-propylphenyl or -benzyl, p-i-butylphenyl or -benzyl. 3-methylphenyl or -benzyl. 
3-i-propylphenyl or -benzyl, 2.6-dimethylphenyl or -benzyl. 2.6-dM-propylphenyl or 
-benzyl, 2,6-di-n- or -t-butylphenyl and -benzyl. R* «s particuiariy preferably phenyl 
which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. 

In a preferred embodiment, the molybdenum and tungsten compounds are, in 
particular, those of one of the formulae Xll to Xllc 




(XII). 
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(Xlla). 



(Xllb). 



(Xltc) 



in which 

MeisMo(VI)orW(VI); 

at least two, preferably 2 to 4. of the radicals R M to Rse are a radical -CH,-R of the 
formula XI in which R is as defined above; 

in each case two of the other radicals of R53 to R M are =0 or =N-R«4, and R* is as 
defined above; and/or 

the other radicals of R M to R M are secondary amino having 2 to 18 C atoms, R«0- 
or R^S-, halogen, cyclopentadienyl or bridged biscyclopentadienyl or a neutral 
ligand, in which R45 is as defined above. For the radicals R, R*, and R45. the 
abovementioned preferred meanings apply. 

In a particularly preferred embodiment, molybdenum or tungsten compounds of 
the formula XII which are employed in the composition according to the invention 
are thos in which 

a) R M to Rje are a radical of the formula XI -CH 2 -R. or 
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b) Rsj and R* are a radical of the formula XI -CH 2 -R, R H and Rje together are the 
radical =N-R44, and R 37 and R* together independently of one another are R^-O- 
or halogen, or 

c) Rsa and R54 together and R» ?nd R» together are the radical ^N-R*. and R57 
and Rm are a radical of the formula XI -CH 3 -R, 

in which R, R44 and R45 have the above meanings. For R, R44 and R45. the above 
preferred meanings apply. 

Particularly preferred compounds of the formula Xiie are those in which R Mt 
and R« are a radical of the formula XI, the radical of the formula XI particularly 
preferably being -CH r Si(C 1 -C 4 alkyl) 3 . 

Molybdenum or tungsten compounds which are especially preferably used in the 
composition according to the invention are those of the formulae XIII. XIHa or Xlllb 



R53 CH--R 
\ / 

/\ 

R34 CH2-R 



CH a -R 



r 0 -n: 



.Me- 



IN-R.3 



CHj-R 



(Xllla). 



R-H,C CH.-R 

\/ 

Me = N-R„ 

/ \ 



CHj-R 



(Xlllb). 



in which 

M isMo(VI)orW(VI). 
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R is H. -C(CH 3 ) 3 . -C(CH 3 ) 2 -C,H 9 . -C«H 5 or -Si(C,-C«alkyl) 3 , 
R„ is phenyl or phenyl which is substituted by 1 to 3 C,-C 4 alkyl or C,-C«alkoxy. 
Rs, is linear or branched C,-C«alkoxy which is unsubstituted or substituted by 
fluorine, and 

Rs, has the same meaning as R^ or is F, CI or Br. R M is particularly preferably 
branched alkoxy. which is unsubstituted or partly or completely substituted by F, 
for example i-propyloxy. i- and t-butyloxy, hexafluoropopyloxy [sicj and 
nonafluoropropyloxy. R^is preferably CI. 

Some examples of molybdenum and tungsten compounds are: 

W(=N-C 6 H s )(CC(CH,) 3 )(CI)KCH 2 Si(C^) 3 )J 2 .[(CH,)3SiCHj3Mo S Mo(CH 2 Si(CH J )J 3 . 

W(=N-C,H s )(OC(CF 3 ) J CH 3 ) a [(CH a Si(CH 3 ) 3 )] J( W(=NC 6 H s )[CH 2 Si(CH 3 ) 3 l3CI. 

Mo(=N-2,6-dimethylC,H 5 ) J ((CH 2 -C s H s )l 2> VVl2.6-(CH 3 )AH 3 N] 2 (CH 2 -C,H s ) a . 

Mo(=N-2,6-diisopropylC 6 H 3 ) 2 I(CH 2 -C 8 H s )J 2 . 

Mo(=N-2,6-diisopropylC,H^ 2 [(CH 2 C(CH 3 ) 2 -<: 6 H 5 )J 2 and 

Mo(=N-2.6-dimethylC 8 H 3 ) 2 (CH 3 ) 2 (tetrahydrofuran). 

The molybdenum and tungsten catalysts to be used according to the invention are 
known or can be prepared by known and analogous processes starting from the 
metal halides by means of Grignard reactions [see, for example. Huq. F.. Mowat, 
W.. Shortland. A.. Skapski. A.C., Wilkinson. G., J. Chem. Soc.. Chem. Commun. 
1079-1080 (1971) or Schrock. R.R.. Murdzeck, J.S.. Bazan, G.C.. Robbins. J., 
DiMare. M.. O'Regan, M.. J. Am. Chem. Soc, 112:3875-3886 (1990)]. 

3. Heat-stable titanium(IV), niobium(V). tantalum (V). molybdenum(VI) or 
tungsten(VI) compounds in which a silylmethyl group and at least one halogen are 
bonded to the metal. These one-component catalysts are particularly 
photocatalytically active. 

The titanium(IV). niobium(V) and tantalum(V) compounds to be used according to 
the invention are those which contain one metal atom. The molybdenum(VI) and 
tungsten(VI) compounds to be used according to the invention can be th s which 
contain one metal atom, or two m tal atoms bonded via a single, double or triple 
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bond. The other valencies of the titanium, niobium, tantalum, molybdenum and 
tungsten are preferably satisfied by heat-stable neutral ligands, the definition of 
heat stability having been given above. The halogen bonded to the metal atom is 
preferably F, CI, Br and I, more preferably F, CI and Br. and particularly preferably 
F or CI. The silylmethyl ligand preferably corresponds to the formula XIV 

-CH 2 -SiR M R„R4o t x,v >- 

in which 

Rm. R» and R* independently of one another are C,-C ia aikyi, C 9 - or C«cydoa!fcy! 
or phenyl or benzyl which are unsubstituted or substituted by C,-C,alkyl or 
C,-C 6 alkoxy. 

Alkyl R» to R« can be linear or branched and preferably contains 1 to 12, 
particularly preferably 1 to 8, and in particular 1 to 4 C atoms. The particularly 
preferred alkyl is methyl and ethyl. 

Preferred substituents for phenyl and benzyl R M to R40 in the context of the 
definitions are methyl, ethyl, methoxy and ethoxy. 

In a preferred embodiment R M to R* in the group of formula XIV are C,-C 4 alkyl, 
phenyl or benzyl. 

Some examples of the group of the formula XIV are -CH 2 -Si(CH 3 ) 3 . -CH 2 -Si(CjHs) 3 . 
-CrVSi(n-C,H 7 ) 3 . -CH 2 -Si(n-C 4 H,) 3 . -CH 2 -Si(CH 3 ) 2 (n-C 4 H 9 ). -CH 2 -Si<CH 3 ) 2 (t-C 4 H 9 ). - 
CH 2 -Si(CH 3 ) 2 (C a H 5 ). -CHrSi^H^lCtCHJjCHtCH,),}. -CHj-SKCHjMn-CjHa), - 
CH 2 -Si(CH 3 ) 2 (n-C 1( ,H 37 ). -CH 2 -Si(C 0 H 5 ) 3 , -CH 2 -Si(CH 2 -C„H 5 ) 3 . -CH 2 -Si(C,H 5 )(CH 3 ) 2 
and -CH 2 -Si(CH 2 -C,H 5 )(CH 3 ) 2 
-CH 2 -Si(CH 3 )3 is especially preferred. 

The other val ncies of the Ti(IV). Nb(V). Ta(V). Mo(VI) and W(VI) atoms may be 
satisfied by identical or differ nt n utral ligands. for example chosen from the 
group consisting of =0. =N-R„. secondary amines having 2 to 18 C atoms. R«sO-. 
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R^S-. halogen, substituted or unsubstituted cyclopentadienyl. bridged 
biscydopentadienyl, tridentate monoanionic ligands and neutral ligands, for 
example ethers, nitrites, CO and tertiary phosphines and amines, in which the R«s 
independently of one another are linear or branched C,-C, 8 alkyl which is 
unsubstituted or substituted by C,-C 6 alkoxy or halogen. C 5 - or C 6 cycloalkyl which 
is unsubstituted or substituted by C,-C»alkyl. C,-C,alkoxy or halogen, phenyl which 
is unsubstituted or substituted by C,-C s alkyl, C,-C s alkoxy, 
C-Cealkoxymethyl. C^jalkoxyethyl or halogen, or benzyl or phenylethyl which 
are unsubsiiiuwd or substituted by C-C^lky!. C-CsSSkexy. C^alkoxymAthyL C,- 
C 9 alkoxyethyl or halogen; and R44 is linear or branched C^Baikyi which is 
unsubstituted or substituted by C,-Cealkoxy, C 5 - or C,cycloalkyl which is 
unsubstituted or substituted by C,-C,alkyl. C,-C 6 alkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-C 6 alkyl, C,-C«alkoxy. C,-C 8 alkoxymethyl. 
C-Caalkoxyethyl, dKC.-Ce-alkyrjamino, di(C 1 -C,-alkyl)amino-C 1 -C 3 alkyl or halogen, 
or benzyl or phenylethyl, which are unsubstituted or substituted by 
C r C«alkyl, C,-C B alkoxy. C,-C e alkoxymethyl. C,-C s alkoxyethyl or halogen, with the 
proviso that in the case of the titanium compounds, the ligand is not =0 or =N-R44. 

The definitions and preferences of R* and R*. of secondary amines, of halogen 
as a further ligand on the metal atoms or as substituent. of cyclopentadienyl, 
ethers, nitriles. tertiary amines and phosphines as neutral ligands and of tridentate 
monoanionic ligands have been given previously. Likewise given previously were 
the definitions and preferences of alkyt. akoxy or alkoxy as a substituent in 
alkoxymethyl or -ethyl. 

In a preferred embodiment, the metal compounds are those, in particular, of the 
formulae XV, XVa or XVb 




(XV). 
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^73 ^69 ^70 



\ / \ / 

^Mej— R, 0 (XVa). ^Ti^ (XVb). 

R„ R„ R 72 R 7, 



in which 

Me, is Mo(VI) orW(VI); 
Me 2 is Nb(V) orTa(V); 

_ - -■ .. . = s - 1: — i CIO O O _ *\f tho formula Xl\/' 

one oi me raaicais iu t\j 4 i» a muiwn -<->> tj-www •«« 

at least one of the radicals Re, to R 74 is F. CI or Br, 

R M . R w and R w independently of one another are C,-C s alkyl, C 5 - or C,cycloalkyl, 
or phenyl or benzyl which are unsubstituted or substituted by C-Cgalkyl or 
C,-C,alkoxy; 

in formula XV two or in each case two, and in formula XVa two of the other 
radicals of R«, to R 74 each together are =0 or =N-R 44 . and Ru is linear or branched 
C,-C 18 alkyl which is unsubstituted or substituted by C,-C a alkoxy. C 5 - or 
C 6 cycloalkyl which is unsubstituted or substituted by CrC,alkyl, C,-C 6 alkoxy or 
halogen, phenyl which is unsubstituted or substituted by C-dalkyl. C,-C 6 alkoxy, 
C r C 9 alkoxymethyl, C,-C 6 alkoxyethyl, dKC-CalkyOamino. di(C, -C,alkyl)amino- 
C,-C 3 alkyl or halogen, or benzyi or phenylethyl which are unsubstituted or 
substituted by C,-C,alkyl, C,-C,alkoxy. C,-C 6 alkoxymethyl, C,-C 8 alkoxyethyl. di(C,- 
C 9 alkyl)amino. dKC.^alkylJamino-C^-Cjalkyl or halogen, and 
the other radicals are secondary amino having 2 to 18 C atoms. R«sO- or R«sS-, 
halogen, unsubstituted or substituted cyclopentadienyl or bridged 
biscyclopentadienyl or a neutral ligand. in which the R*, independently of one 
another are linear or branched C,-C 18 alkyl which is unsubstituted or substituted by 
C,-C 8 alkoxy or halogen. C s - or C 8 cycloalkyl which is unsubstituted or substituted 
by C,-C 6 alkyl, C,-C 6 alkoxy or halogen, phenyl which is unsubstituted or substituted 
by C,-C 6 alkyl, C-Cealkoxy. C,-C e alkoxymethyl, C,-C,alkoxyethyl. di(C,-C 6 - 
alkyl)amino. ditC-Ce-alkyOamino-C-Cjalkyl or halogen, or benzyl or phenylethyl 
which are unsubstituted or substituted by C,-C s alkyl. C,-C 6 alkoxy. 
C r C 6 alkoxymethyl, C,-C 6 alkoxyethyl. di(C,-C,-alkyl)amino, di(C,-C 6 -alkyl)amino- 
C-Cjalkyl or halogen; or 
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inth formulae XV. XVa and XVb. th other radicals independently of one another 
are secondary amino having 2 to 18 C atoms. R«0- or R^S-. halogen, 
unsubstituted or substituted cyclopentadienyl or bridged biscyclopentadienyl or a 
neutral ligand, in which the R 45 independently of one another are linear or 
branched C,-C„alkyl which is unsubstituted or substituted by C,-C,alkoxy or 
halogen. C 5 - or C,cycloalkyl which is unsubstituted or substituted by C.-C,alkyt 
C,-C s 3H<oxy or halogen, phenyl which is unsubstituted or substituted by 
C,-C 6 alkyl. C,-C»alkoxy. C-C^lkoxymethyl. C,-C,alkoxyethyl. <6(C,-C,-aflcwl>- 
amino. di(C,-C,-alkyl)amino-C,-C*ilkyl or halogen, or benzyl or phenytethyl which 
are unsubstituted or substituted by C,-C 6 aifcyi. C,-C,a!kosy C.^a*!«ytneitwi. C- 
C 6 alkoxyethyl, di(C,-C 5 -alkyl)amino. di(C,^»-alkyl)amino^.^-a«cyi or hatogen 

For the radicals R» to Rt*. the abovementooned preferred meanings apply 

In a particularly preferred embodiment, metal compounds of the formulae XV. XVa 
or XVb which are used in the process according to the invention are those m 
which 

R„ is a radical of the formula XIV -CH,-SiR»R»R«e and R- * F CI or Br and 
(a) in formula XV R 7 , and R n . and R n and R,, m each case together are the 
radical =N-R„. or R T1 and R^ together are the radical =N-R«. and R n and R-. 
independently of one another are unsubstituted or substituted cyclopentadienyl 
R4S-0- or halogen, or 

b) in formula XVa R„ and R* together are the radical =N-R M and R« e» 
unsubstituted or substituted cydopentadienyl. R.,-0- or hatogen. or m formula 
XVa R„. R n and R n independently of one another are unsubstituted or 
substituted cyclopentadienyl. R«-0- or halogen, or 

c) in formula XVb R„ and R n independently of one another are unsubstituted or 
substituted cyclopentadienyl. R, s -0- or halogen. 

in which R M to R u have the above meanings. For R,,. R„. R«. R« and R«. the 
abov preferred meanings apply 



Metal compounds which are especially pref rably used in the process according t 
the invention are those of the formulae XVI. XVIa. XVIb. XVIc or XVId 
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Me,=N-R u (XVI). 



\ 
/ 



CHj-R y5 



/ 

Me, 

\ 



V3 



% 71 



(XVIa). 



CH,-R n 
R— Mej^N-R^ (XVIb). 

z 



/ 



-Me. 



\ 



*7t 



*72 



(XVIc), 



R ?T -Ti- 



(XVId). 



in which 

Me, isMo(Vl)orW(VI); 

Me,isNb(V)orTa(V); 
R n is -Si(C,-C 4 alkyl),; 
Z is CI or Br; 

Rk, is phenyl or phenyl which is substituted by 1 to 3 C,-C«alkyl or C,-C«alkoxy. 

(a) R„ and R, 4 in formula XVI together are the group =NR« or individually 
independently of one another are F, CI. Br. linear or branched C,-C 4 alkoxy which 
is unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or 
substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or cyclopentadienyl which is 
unsubstituted or substituted by C,-C«alkyl; 

(b) R„. R„. Rn and R M in formula XVIa ind pendently of on another are F. CI. 
Br. linear or. in particular, branched C,-C 4 -alkoxy which is unsubstituted or 
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substituted by fluorine, phenyloxy which is unsubstituted or substituted by 
C,-C 4 alkyl or C,-C 4 alkoxy. or cydopentadienyl which is unsubstituted or 
substituted by C,-C 4 alkyl; 

(c) R» in formula XVlb is F. CI. Br, linear or branched C,-C 4 alkoxy which is 
unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or 
substituted by C,-C 4 alkyl or C,-C 4 aIkoxy. or cydopentadienyl which is 
unsubstituted or substituted by C,-C 4 alkyl; 

(d) R 71 . R72 and R n in formula XVIc independently of one another are Fl. CI. Br, 
linear or, in particular branched C,-C 4 alkoxy which is unsubstituted or substituted 
by fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 allcyl or 
C,-C 4 alkoxy. or cydopentadienyl which is unsubstituted or substituted by 
C,-C 4 alkyl: and 

(e) R71 and R n in formula XVId independently of one another are F, CI, Br. linear 
or. in particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by 
fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 alkoxy. or cydopentadienyl which is unsubstituted or substituted by 
C,-C 4 alkyl. The alkoxy is particularly preferably branched alkoxy. which is 
optionally partly or completely substituted by F. for example i-propyloxy. i- and t- 
butyloxy. hexafluoropopyloxy [sic] and nonafluoropropyloxy. The phenyloxy radical 
is. in particular, phenyloxy substituted in the 2,6-positions (sic) by C,-C 4 alkyl. for 
example 2.6-dimethylphenyloxy. Examples of substituted cydopentadienyl 
radicals are mono- to pentamethylcydopentadienyl and 
trimethylsilylcydopentadienyl. R«, is preferably phenyl or phenyl which is 
substituted by C,-C,alkyl (sic], in particular phenyl, 3.5-dimethyl-. 2.6-dimethyl-, 
3.5-diethyl- and 2.6-diethylphenyl. 

Especially preferred compounds in the process according to the invention are 
those of the formulae XVII. XVIIa. XVIIb. XVIIc and XVIId 



(Rw-N^M ^CH^CH,), (XVH). 
(R M -N=)Rr,M tX.tOR^CH^KCH,), (XVIIa). 
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RnRnMe^ORuJCHjSKCH,), (XVIIb), 
R„-N=Me J X.(OR„)CH l Si(CH,) J (XVIIc). 
RM-TiX.fOFWCHiSKCH,), (*V»d). 



in which 

Me, isMoO/ryorWO/!); 
Me, isNb(V)orTa(V); 
X. is For CI: 

is phenyl or phenyl which is substituted by 1 or 2 C,-C 4 alkyl groups; 

j S branched Cj- or C4allcyl which is unsubstituted or partly or completely 

substituted by fluorine, or phenyloxy or phenyloxy which is substituted by 

1 to 3 methyl or ethyl groups; 
R„ and R» independently of one another are cyclopentadienyl which is 

unsubstituted by substituted by 1 to 5 methyl groups X, or R«0-; and 
R„ which is unsubstituted or substituted by 1 to 5 methyl groups. X. or 

R n O-. 
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Some examples of titanium(IV). niobium(V). tanta!um(V). molybdenum(VI ) and 
tungsten(VI) compounds are (Cp is cyclpentadienyl and Me is Nb(V) or Ta(V)J: 
T.[CH 4 Si(CH JJCI,. TilCHjSKCHJJBr,. CpjTilCHjSKCHjJJCI. 
(CH^TtlCH^KCH^JCI. Cp,T.(CH,Si(CH,)JBr. CpjTHCHjSKCH,),]!. 
CpTilCHjSitCHjJJICHJCI. CpTilCHjSKCHJJBr,. [(CH^CHObTilCH^itCHjyCI, 
[(CF,),CHO] a Ti|CH I Si(Cr« 3 lCU(CF 3 ) J CHOICpri[CH J Si(CH,)jCI. 
f(CH 8 ^HOJCpTi|a. , iSKCHJJCI. (C.H 1 0)CpTi[CH 2 Si(Cr« 3 lCI. 
(2.Sdimeihy!-GsH 5 0)GpTiICH 2 S!(CH s ) 3 lCI ! 
(2.6KJimethyl-,H50) a Ti(CH I Si(CH 3 ) s |CI [sicj. 

(2.MimethyK; 6 H 5 0)ri[CH J Si(CH J )J 2 Br.l(CH 3 ) J CO]CpTi[CH J Si(CH s )JCI. 
|(CF,WCHJC01CpTi[CH^KCH,) 3 ]CI.Me(=N-C 9 H s )[OCH(CHJJ[(CH J Si(CH J )3lCI, 

CpJWleKCHjSKCH,)^ ^ 

TalCHjSiCCHjJJjCI,. Me(»N-2,6<lHsopropylC»H^((CH J Si(CH,)ja 1 . 

Me(-N-2.6^iisopropyK:,H^(CH^CHOJI(CH a Si{CH^]CI. 

Me(=^2.6^imethylC^(2.6-DimethyJ-C^ 5 0)[CH 2 Si(CH,)JCI. 

Me(=N-2.6^imelhylC 9 H 3 )((CF J ) a CHO)lCH 2 Si(CH3)3]CI. 

(=N-2.6^imethy1C 6 H 3 )CpMe[(CH^i(CH,),]CI. (CH^CpMeKCH^KCH^JCI. 

(=N-3.MimethylC,H,)Met2.6^imethylC^ 3 0)][(CH I Si(CH J ) J )lCI. 

CpMelOCHtCH,),]^^^ 

CpMe(OCH(CF J )J J l(CH J Si(CH,) J lCI.CD 2 Me(melhyl)[(CH 2 Si(CH J ) 3 ia. 

Cp a MelOCH(CH J )J[(CH I Si(CH,) J ]CUOCH(CH J )J J Me(CH J Si(CH,)3]CI 2 . 

Me(2.6^imethylphenyloxy)(CH 1 0) J l(CH 2 Si(CH J ) 3 lCI. 

Me[CH J Si(Cr^)J[OCH(CH,)](CF J 0),CI,W(sN-C.H 5 )((OC(CH J )JlCH l -Si(CH 3 ),]Cl l , 
(2.6-diisopropylphenyloxy)2Me(CH 2 Si(CHj)JCl2, 

Cp 2 Me(OC(CH J )J[(CH 2 Si(CH J ) 3 ]CI.CpMe[CX:(CH 3 )(CF J ) J ] J [(CH 2 Si(CH,)JCI, 

Mo 2 [(CH J -Si(CH 3 ),)(OCH 2 C(CH 3 ) 3 )CI] 2 . 
Mo(=N-2.6^iisopropylC 9 H 3 ) 2 (CH 2 -Si(CH,) 3 lCI. 

W(=N-C.H 9 )|(OC(CH 3 ) 3 J 2 [CH 2 -Si(CH 3 ) 3 |CI.M (=N-C,H s ) 2 [CH 2 -Si(CH 3 ) 3 lCI. 
Mo(=N-2.6-diisopropylC,H 3 )[(OCH 2 C(CH 3 ),) 2 [CH 2 -Si(CH 3 ) 3 lCI. 

The titanium, niobium, tantalum, molybdenum and tungsten compounds to be 
used according to th invention are known or can be prepared by known and 
analogous processes starting from unsubstituted or correspondingly substituted 
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metal halkJes by means of Grignaid reactions [Schrock. R.R.. Murdzeck, J.S.. 
Bazan. G.C.. Robbins, J., OiMare. M.. ORegan, M., J. Am. Chem. Soc. 
112:3875-3886(1990)]. 

4. Other suitable photactive one-component catalysts are niobium(V) or 
tantalum(V) compounds which have at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no 
hydrogen atom In the a position. These compounds are also thermal catalysts. 

The niobium(V) and tantalum(V) compounds to be used according to the invention 
contain one metal atom. The methyl group or monosubstituted methyl group 
bonded to the metal is bonded at least twice, particularly preferably two to five 
times, and especially preferably twice or three tones as a ligand. This ligand 
preferably is that of the formula XI 

-CH r R (X,)t 



in 



which R has the meanings and preferred meanings given above. 



The other valencies of the niobium and tantalum atom are preferably satisfied by 
heat-stable neutral ligands. a very large number of which are known. The number 
of neutral ligands may also exceed the stoichiometrically possible number 
(solvates). The definition of heat stability has been given above. 

The other valencies of the Nb(V) and Ta(V) atoms may be satisfied by identical or 
different neutral ligands. for example chosen from the group consisting of =0. 
=N-R44. secondary amines having 2 to 18 C atoms. R 4i O-. R«S-. halogen, 
unsubstituted or substituted cyclopentadienyl. bridged biscyclopentadienyl. 
tridentate monoanionic ligands and neutral ligands. for example ethers, nitriles. 
CO and tertiary phosphines and amines, in which th R« 5 independently of on 
another are linear r branched C,-C,.alkyl which is unsubstituted or substituted by 
C-Cealkoxy or halog n. C 4 - or C.cycloalkyl which is unsubstituted or substituted 
by C,-C.alkyl. C,-C,alkoxy or halogen, phenyl which is unsubstituted or substituted 
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by C^alkyl, C,~Cealkoxy, C,-C f alkoxymethyl, CrQalkoxyethyl or halogen, or 
benzyl or phenylethyl which are unsubstituted or substituted by 
C,-C 6 alkyl. C^alkoxy, C-Ctalkoxymethyl, C t -C 6 -alkoxyethyl or halogen; and 
is linear or branched C,-C 1B alkyl which is unsubstituted or substituted by 
Cf-Csalkoxy, C a - or C*cycloalkyl which is unsubstrtuted or substituted by 
C,-C 6 alkyl t d-C^alkoxy or halogen, phenyl which is unsubstrtuted or substituted by 
C,-C 6 alkyl. C,-C 6 alkoxy, C-Csalkoxymethyl, C r C«alkoxyethyl, di(C,-C e -alkyl)- 
amino. diCC.-C.alkyOamino-Ct-C^alkyl, or halogen, or benzyl or phenylethyl which 
are unsubstituted or substituted by Chalky!, Ci-C d a!koxy, C r C 5 a!koxymethyl, C-- 
C 6 alkoxyethyl or halogen. 



The definitions and preferences of R« and R45. of secondary amines, of halogen 
as a further ligand on the metal atoms or as substituent, of cyclopentadienyl, 
ethers, nitrites, tertiary amines and phosphines as neutral ligands and of tridentate 
monoanionic ligands have been given previously. Likewise given previously were 
the definitions and preferences of alkyl, alkoxy or alkoxy as a substituent in 
alkoxymethyl or -ethyl. 

In a preferred embodiment, the niobium and tantalum compounds are, in 
particular those of the formula XVIII 



in which 

M isNb(V)orTa(V), 

at least two, pref rably 2 or 3, of th radicals R M to R* ar a radical -CH,-R of th 
formula XI in which R has the meanings and preferred meanings given above; 
two of th other radicals of R M to R* together ar =0 or ^N-R^, and R M is lin ar 
or branched C-C^alkyl which is unsubstituted or substituted by C r C«alkoxy. 
C 5 - or QjCydoalkyl which is unsubstituted or substituted by C r C 6 alkyl. 



\ / 




Me R^3 



(XVIII). 
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C,-C,alkoxy or halogen, phenyl which is unsubstituted or substituted by 
CAalkyl. C,-<^alkoxy. C,-C,alkoxymethyl. C,-C,alkoxyethyl. di(C,-C,-alkyl)- 
amino, di(C,-C,-alkyl)amino-C,-C3alkyl or halogen, or benzyl or phenylethyl which 
are unsubstituted or substituted by C,-C,alkyl, C,-C«alkoxy. C,-C,alkoxymethyl. C,- 
C,alkoxyethyl. di(C,-C,-allcyl)amino. diCC-CgalkylJamino-C-Cjalkyl or halogen; 
and/or 

the other radicals of Ru to Rm independently of one another are secondary amino 
having 2 to 16 C atoms, R^u-. R«sS-, haiogen, cyciopeniadienyi or bridged 
biscydopentadienyl or a neutral ligand, in which the R*s independently of one 
another are linear or branched C,-C 14 alkyl which is unsubstituted or substituted by 
C,-C«alkoxy or halogen, C r or C»cycloalkyl which is unsubstituted or substituted 
by C,-C»alkyl. C,-C,alkoxy or halogen, phenyl which is unsubstituted or substituted 
by C,-C«alkyl. C-C.alkoxy. C-Calkoxymethyl. C,-C^lkoxyethyl, di(C,- 
C,alkyl)amino, di(C,-C^lkyl)amino-C,-<^alkyl or halogen, or benzyl or phenylethyl 
which are unsubstituted or substituted by C,-C,alkyl, C,-C^jlkoxy. 
C-Cealkoxymethyl. C.-Cealkoxyethyl. dKC-CealkylJamino. dKCt-CealkyQamino-C,- 
Calkyl or halogen. 

In a particularly preferred embodiment, the niobium and tantalum compounds of 
the formula XVIII used are those in which 

a) Ru to Rm are each a radical of the formula XI -CH,-R. or 

b) R„ and R M are each a radical of the formula XI -CH,-R. R M and R* together 
ar the radical =N-R44. and R„ is unsubstituted or substituted cyciopeniadienyi, 
Rjs-O- or halogen, or 

c) Ru. R„ and R»« are each a radical of the formula XI -CH 2 -R. and R» and R M 
together are the radical =N-Ru, or 

[lacuna] R„, R M . R« and R„ are a radical of the formula XI -CH,-R. and R m is 
unsubstituted or substituted cyciopeniadienyi. R« $ -0- or halogen, 
in which R. R44 and R 49 hav th above meanings. For R. R„ and R„. th above 
preferred meanings apply. 

Niobium and tantalum c mpounds which are especially preferably used in the 
process according t the inventi n ar those of th formulae IXX. IXXa or IXXb 
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Rji — Me=N-R,3 



(IXX). 



CH,-R. 



CH,-R, 



-Me 



CH,-R, 



(IXXa). 



R.-HjC— Me 



CH,-R, 



(IXXb) 



in which 

MeisNb(V)orTa(V). 

R, is H. -C(CH,>,. -QCH^rCH* or -Si(C,-C 4 alkyl) 3 . 

R„ is phenyl or phenyl which is substituted by 1 to 3 C,-C«alkyl or C,-C 4 alkoxy. 

R M in formula IXX is the group -CH,-R or F, CI. Br, linear or, in particular, 

branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy 

which is unsubstituted or substituted by C,-C 4 alkyl or C,-C«aikoxy, or 

cyclopentadlenyl which is unsuostituted or substituted by C,-C 4 alkyl; 

R„. R« and R« in formula IXXa independently of one another are F. CI, Br. linear 

or. in particular, branched C,-C«alkoxy which is unsubstituted or substituted by 

fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 

C,-C 4 alkoxy. or cydopentadienyl which is unsubstituted or substituted by 

C,-C4alkyl; and 

R n and R„ in formula IXXb independ ntly of one another are F, CI, Br, linear or, ii 
particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorin . 
ph nyloxy which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 alkoxy. or cyclopentadi nyl which is unsubstituted or substituted by 
C,-C 4 alkyl. The alkoxy is particularly preferably branched alkoxy. which is 
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unsubstituted or completely or partly substituted by F. for example i-propyloxy. 
i- and t-butyloxy, hexafluoropopyloxy [sic] or nonafluoropropyloxy. 

Some examples of niobium(V) and tantalum(V) compounds are [Cp is 
cydopentadienyi and Me is Nb(V) or Ta(V)): 

Me[CH,Si(CH,)J 9 . CP^IeI(CH } C(CH,) 2 -C a H 9 )) 3 . Me(=N-2.6^imethylC,H,)(CH^, 

Me(=N-C^5)[OC(CH^[(CH a Si(CH 3 )01 2 . 

Mo/sN.9 A^iiMrvnn^.H 3 )r(CH--C s Hs)]: i 

Mex*N^aioccH,(CFM(CH^^ 

Me(=^2.6KiiisopropylC t HJ^ 

Me(=N-2.6^imethylC,H s )[(CH r C.H 9 )I 3 .CpMelOCH(CH^ I I(CH^i(CH,) 9 )l,. 
CpjMeKCH^H,)!,. MelCHjSKCHJJjCI,. MelCHjSKCHjhUOCHjCtCH,)^, 
Cp 1 Me(3.WimethyK^H s O)KCH^i(CH J ),)] 2 . Me(2.6^iisopropylphenyloxy),(CH 3 ) 3 . 
Cp,Me(CH,),. Me(2.6-dimethylphenyloxyWCH^. 
MelCHjSiiCH^JJOCHCCHa)^ CpMe(OC(CH J ) s M(CH 2 -C.H 9 )U and 
Cp/toKCH^iCCWb- 

The niobium and tantalum compounds to be used according to the invention are 
known or can be prepared by known and analogous processes starting from the 
optionally substituted metal halktes via Grignard reactions and/or substitution 
reactions [Schrock. R.R.. Murdzeck. J.S.. Bazan. G.C., Robbins. J.. DiMare. M., 
ORegan. M.. J. Am. Chem. Soc., 112:3875-3886 (1990)J. 

5. Other suitable photoactive one-component catalysts are titanium(IV) 
compounds which contain at least two methyl groups or two monosubstHuted 
methyl groups bonded to the metal, the substituent containing no hydrogen atom 
in the o position. These compounds are also thermal catalysts. 

The titanium(IV) compounds t be used according to the invention contain one 
m tal atom. Th m thyl group or monosubstituted methyl group bonded to th 
m tal is bonded at least twice, particularly preferably two to four times, and 
especially preferably twice or thr times as a ligand. This ligand pr ferably is tha 
of the formula XI 
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-CH,-R (XI). 

in which R has the abovementioned meanings and preferred meanings. 

The other valencies of the titanium atom are preferably satisfied by heat-stable 
neutral ligands, a large number of which are known. The number of neutral ligands 
may also exceed the stoichiometrically possible number (solvates). Heat stability 
has been explained above. 

The other valencies of the titanium(IV) atoms may be satisfied by identical or 
different neutral ligands. for example chosen from the group consisting of 
secondary amines having 2 to 18 C atoms. R«0-. R^S-. halogen, unsubstHuted or 
substituted cycloperttadienyi. bridged biscydopentadienyl. tridentate monoanionic 
ligands and neutral ligands. for example ethers, nitrites. CO and tertiary 
phosphines and amines, in which the R* independently of one another are linear 
or branched C,-C„alkyl which is unsubstituted or substituted by 
C,-C,alkoxy or halogen. C r or CcycJoalkyl which is unsubstituted or substituted 
by C,-C,alkyl. C,-C,alkoxy or halogen, phenyl which is unsubstituted or substituted 
by C,-C»alkyl. C,-C,alkoxy. C,-C,alkoxymethyl. C,-Cealkoxyethyl or halogen, or 
benzyl or phenylethyl which are unsubstituted or substituted by 
" C,-C,alkyl. C,-C,alkoxy. C,-C,alkoxymethyl, C,-C,-alkoxyethyl or halogen. 

The definitions and preferences of R«s. of secondary amines, of halogen as a 
further ligand on the metal atoms or as substituent. of cyclopentadienyl. ethers, 
nitriles. tertiary amines and phosphines as neutral ligands and of tridenate 
monoanionic ligands have been given previously. Likewise given previously were 
the definitions and preferences of alkyl, alkoxy cr alkoxy as a substituent in 
aikoxymethyl or -ethyl. 

In a preferred embodiment, th titanium(IV) compounds are. in particular, those of 
the formula XX 
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R 90 > R 87 

^Ti (XX) 

in which 

at least two, preferably 2 or 3. of the radicals R„ to R„are a radical -CH 2 -R of the 
formula XI in which R has the abovementioned meanings and preferred meanings; 
and 

the other radicals R, 7 to R» are secondary amino having 2 to 18 C atoms. R^O-. 
RttS-. halogen, cyclopentadienyl or bridged biscydopentadienyl or a neutral 
ligand, in which the R« independently of one another are linear or branched 
C-CwalKyl which is unsubstituted or substituted by C,-C,alkoxy or halogen, C 5 - or 
Ccydoalkyl which is unsubstituted or substituted by C,-C s alkyl, C,-C«alkoxy or 
halogen, phenyl which is unsubstituted or substituted by C,-C 9 alkyl, C,-C,alkoxy. 
C,-C 9 alkoxymethyl. C,-C,alkoxyethyl. di<C,-C,alkyl)amino, di(C,-C,alkyl)amino- 
C-Caalkyl or halogen, or benzyl or phehylethyl which are unsubstituted or 
substituted by C,-C e alkyl. C-Calkoxy. C-C^lkoxymethyl, C^alkoxyethyl. di(C,- 
C 6 alkyl)amino. di(C r C,alty)amino-C,-Csalkyl or halogen. 

In a particularly preferred embodiment titanium(IV) compounds of the formula XX 
which are used in the process according to the invention are those in which 

a) R ar to R*, are a radical of the formula XI -CH 2 -R. or 

b) R,r and R«, are a radical of the formula XI -CH r R. and R w and R«, 
independently of one another are unsubstituted or substituted cyclopentadienyl. 
R^-O- or halogen, or 

c) R w . Ret and R„ are a radical of the formula XI -CH,-R, and R w is unsubstituted 
or substituted cyclopentadienyl, R 4S -0- or halogen. 

where R and R* have the abov meanings. For R and R 4i . the above preferred 
meanings apply. 

Trtanium(IV) compounds which ar specially pr ferably used in th process 
according to th invention are those of the formulae XXI a or XXIb 
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CH,-R, CH 2 -R„ 
R sT -ji— R„ (XXIa), R,.H lC — |i— R, 7 (XXIb). 

CH,-R, C *V^ 



in which 

R, is H, -C(CH,),. -CCCH^-CH,. -C,H S or -SKC-C.alkyl),. and 
R S7 and Res independently of one another are F. CI. Br. linear or. in particular, 
branched C,-C 4 alkoxy which is unsubstitutued or substituted by fluorine, 
phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or 
cydopentadienyl which is unsubstituted or substituted by C,-C 4 alKyl. The alkoxy is 
particularly preferably branched alkoxy. which is unsubstittted or partly or 
completely substituted by F, for example :-propyloxy. i- and t-butyloxy. hexafluoro- 
propyloxy and nonafluoropropytoxy. 

in a preferred embodiment of the invention, the titanum(IV) compounds contain a 
halogen atom, in particular CI or Br. bonded to the titanium if the radical R in the 
group -CH,-R is -SiR„R»R«. In this case, especially preferred comopunds are 
those of the formula XXII 

CHj-SirVW* 

I - « « (XXII) 

rV-Ti CHa-SiR.Rs.R* 

in which 

R^an^X independently of one another are C,-C,.alkyl. C s - or C,cydoalkyl 
or phenyl or benzyl which are unsubstituted or substituted by C,-C,alkyl or 
C,-C«alkoxy: and 

R„ is the group -CrVS.K*^. F. CI. Br. linear or. in particular, branched 
C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy which is 
unsubstHuted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or cydopentadienyl 
which is unsubstituted or substituted by C,-C 4 alkyl. R». R» and R, are preferably 
C,-C 4 alkyl. phenyl r benzyl, and R M is pref rably CI. C,- or C 4 a«kyl which is 
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unsubstituted or substituted by fluorine, or phenyl or benzyl which ar 
unsubstituted or substituted by C,-C 4 alkyl or C,-C«alkoxy. 

Some examples of titanium(IV) compounds are (Cp is cydopentadienyll: 
TilCHjSKCH,)^. TifOCHtCFjJJjKCHjSitCH,),)),. CpTiKCHjC^HjJrC^s^CI. 
CpTi[(CH 2 -C 6 H 9 )] J . TOIJCHjSiCCHjWb. (OCHtCFjJJTiKCH^H,)!,. 
CpBrTi[(CH 2 C(CH J ) 2 -C,H 9 )l 2 . CpTip.WimethylC.HjOJlKCHjSitCH,)^ 
Ti(OCH(CH s )J l [(CH 2 -C 4 H s )l 2 .CITilOCH(CH,) l l[(CH 1 Si(CHJ,)l I . 
CpTilOCH(CFj) 2 ii(CH 2 -C,H s )j 2 . CpTi(meihyi) 3 . CpTiimeihyl/aiOCWvCH,),!. 
Ti{CH 2 Si(CH,)J 2 Br 2 . Ti(2.6-(Jimethylphenyloxy) 2 (CH,) 2 , CpjTi(CHJ 2 . 
T1lCHjSi(CH,),MOCH(CH,)l and 7i(2.6-<liisopropylphenyloxy) 2 (CH,) 2 . 

The frtanium(IV) compounds to be used according to the invention are known or 
can be prepared by known and analogous processes starting from the metal 
halides via Grignard reactions or other known substitution reactions [see Gauss, 
K.. Bestian. H.. Justus Liebkjs Ann. Chem. 654:8-19 (1962)]. 

6. Other suitable photocatalytically active compounds are ruthenium or osmium 
compounds which contain at least one phosphine group, at least one photolabile 
ligand and optionally neutral Kgands bonded to the metal atom. 2 to 5 ligands in 
total being bonded, and which contain acid anions for charge balancing. In total in 
the context of the invention means the sum of the phosphine groups, photolabile 
ligands and neutral ligands. The neutral ligands are also called non-photolabile 
ligands. Preferably 2 to 4. and particularly preferably 2 or 3 ligands are bonded in 
total. 

These osmium compounds are also thermally active catalysts. The ruthenium 
compounds are thermal catalysts if the phosphine group contains no linear alkyt or 
alkoxy groups, but bulky groups, for example secondary and tertiary alkyl or 
alkoxy groups (i-propyl. i- and t-butyl). or cycloalkyl groups, or phenyl groups or 
pheyloxy groups which are unsubstituted or substituted by 1 to 3 C,-C 4 alkyl or 
•alkoxy. 
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The phosphine group is preferably tertiary phosphines and phosphites having 3 to 
40. more preferably 3 to 30. and particularly preferably 3 to 24 C atoms. 

The other valencies of the ruthenium and osmium are preferably satisifed by heat- 
stable neutral ligands. a very large number of which are known. The number of 
neutral ligands can also exceed the stoichiometric possibte number (solvates). 

Th*» n,,nenium and osmium compounds to be used according to the invents can 
containamor^^ 

times and a diphosphine bonded once to the metal atom. Preferably 1 to 2 
photolabile ligands are bonded in the ruthenium and osmium catalysts. The 
phosphine ligands preferably are those of the formulae XXlll and XXIIIa 

(XXlll) 

PR,,R«R« 

, 0 (XXllla) 
r 91 r m P-Z,-PR.,R« 

in which R,,. R« and R„ independently of one another are H. C,-C„alkyl. 
C-C^lkoxy. C-C,cydoa.ky. or cycloalkoxy which are unsubstituted or 
substituted by C,-C.a.kyl. C-Chaloalkyl or C,-C,alkoxy or C.-C.aryl or 
C-Caryloxy which are unsubstituted or substituted by C-Calky.. Chalky, 
or C,-C.a.koxy. or CrC.ara.kyl or C-C.ara.ky.oxy which are unsubstituted or 
substituted by C-C.a.kyl. C-C.ha.oa.ky. or C-C.a.koxy; the radicals R,, and R„ 
together are tetra- or pentamethy.ene or tetra- or pentamethy.enedioxy. which are 
unsubstituted or substituted by C-C.a.kyl. C-C.ha.oa.ky. or C-C.a.koxy. or tetra- 
or pentamethylene or tetra- or pentamethy.enedioxy. which are unsubstituted or 
substituted by C-C.a.kyl. C-C.haloa.ky. or C-C.a.koxy mi fused with 1 or 2 
1 2-pheny.ene. or tetramethy.enedioxy. which is unsubstituted or substituted by 
C,C.a.kyl. C-Cha.oa.ky. or C,Ca.koxy and is fused in the 1.2- and 3.4-pos.t.ons 
with 1 2-phenylene. and R„ has the abovementioned mean.ng; and 
Z is linear or branched C-Ca.ky.ene which is unsubstituted or substituted by 
C-Calkoxy. 1.2- or 1 .3-cyc.oa.ky.en having 4 to 8 C atoms. wh,ch .s 
unsubstituted or substituted by C-Calkyl or C-Ca.koxy. or 1 .2- or 
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1,34ieterocydoalkylene having 5 or 6 ring members and one heteroatom from the 
group consisting of O or N. which is unsubstituted or substituted by C,-C,alkyl or 
C,-C«alkoxy. 

The radicals R,,. R* and R« are preferably identical radicals. 

If R„. R« and R« are substituted, the substituents are preferably C.-C.alkyl. 
C-cihaloalkyl or C,-C.alkoxy. Halogen is preferably CI. and particularly preferably 
F. Examples of preferred subsinuenis are rnsthy!. methoxy. «thyl : ethoxy and 
trifluoromethyl. R,,. R«andR„are preferably substituted by t to 3 substituents. 

Alkyl R,,. R„ and R„ can be linear or branched and can preferably contain 1 to 
12. more preferably 1 to 8. and particularly preferably 1 to 6 C atoms. Examples of 
alkyl are methyl, ethyl, n- and i-propyl. n-. i- and t-butyl, the isomers of pentyl. 
hexyl. heptyl. octyl. nonyl. decyl. undecyl. dcJecyl. tridecyl. tetradecyl. pentadecyl. 
hexadecyl. heptadecyl. octadecyl and eicosyl. Preferred examples are methyl, 
ethyl, n- and i-propyl. n, »- and t-butyl. 1-. 2- or 3-pentyl and 1-. 2-. 3- or 4-hexyl. 

Alkoxy R,,. R„ and R„ can be linear or branched and can preferably contain 1 to 
12 more preferably 1 to 8. and particularly preferably 1 to 6 C atoms. Examples of 
alkoxy are methoxy. ethoxy. n- and i-propyloxy. n, i- and t-butyloxy. the isomers 
of pentyloxy. hexyloxy. heptyloxy. octyloxy. nonyloxy. decyloxy. undecyloxy. 
dodecyloxy. tridecyloxy. tetradecyloxy. pentadecyloxy. hexadecyloxy. 
heptadecyloxy. octadecyloxy and eicosyloxy. Preferred examples are methoxy. 
ethoxy. n- and i-propyloxy. n-. i- and t-butyloxy. 1-. 2- or 3-pentyloxy and 1-. 2-. 3- 
or 4-hexyloxy. 

Cydoalkyl R„. R„ and R« are preferably C 5 -C.cycloalkyl. and particularly 
preferably C s - or CeCycloalkyl Som examples ar cyclobutyl. cycloheptyl. 
cyclooctyl and. in particular, cyclopentyl and cyclohexyl. Examples of substituted 
cydoalkyl are methyl, dimethyl-, trimethyl, methoxy-. dimethoxy. trimethoxy-. 
trifluoromethyl-. bistrifluoromethyl and tristrifluoromethylcyclopentyl and 
-cyclohexyl. 
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CCoaW «„. R. - *. « C^dCMoxy. and pamCarty 

oreferabf, <V orC.cydodl.ylox,. Some exampH» ate eyetobutyloxy. 
^tnU^. Cdo^x, an-, in par.*.*. cydop««»lox, an. c*ohex*ox, 
e^p,,. o, substitued ey.toa.kyl ar. methyl-. dimtHhyK tnmethyl, methoxy, 
dimethoxy-. trimelhoxy. Wuorom.m»K U^uorameU-y. and trist*^ 
methyteydopentyloxy and -cydohexyloxy. 

R,-*." ^'0* "* P " tia " a ' ,V Pre,Wab,V T' °' 

. -»»•- dimethyl-, tnmathyl-. methoxy-. 

naphthvl. Examples of subswuteo * 

d»»etr»xy, trimelhoxy, trifluorornethyl, b«t»o™etM and 
tristrifluoromethylphenyl. 

uLb-*- o, S u M «u,ed phenyioxy <* nap^xy. ^P*^'*'"' 

.rt.opropy... tert-b*,.-. m«hyl-»rt-buW-. tri-tert-butyt-. m«ho»y.. 

dimethoxy, trirr*lhoxy, .rifluoromelhyl-. bWrifluorornrthyl and 
tnstrifluoromethylphenyloxy. 

ar,*,! pr.^ b«na methyl- The •** b pa™cu,ady prferat* benzyl. 
Examples of subs«u«d a^alkyl ar. methyl, <«m.thyk IMNK «"»"»•• 
MM*, trimethoxy-. tnfk»ron»m»l, bistrinuoromethyl and tnstn- 
fluoromethylbenzyl. 

Aralkyloxy R„. R. and R„ ar. prefers*, unvoted or t*»M 

oZn^m. <<» -*"» in - p^e ' e ' abl, ^ 7 

The i» P—T P»— » «— — " 

Examples of subs«u..d aralkyloxy are methyl-, dimethyl-, .nmethyl-. methoxy, 

dimethoxy, trimethoxy, trifluoromethyl, bistrifluoromethyl and 
tristrifluoromethylbenzyloxy. 
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Examptesoftetra-andpentamethylenewhicharebondedt th Patomandare 
unsubstituted or substituted or fused are 



Q. O- 





.. „ . — r in B rina carbon atoms 

Other suitable phospftines are cywo«iH>»»^ ■ — ■ 

which are bridged with a =PRa group, for example 



in which Ra is C,C.alky«. cyclohexyl. benzyl, or phenyl which is unsubstituted or 
substitued by 1 or 2 C 1 -C 4 alkyl. 

Linear or branched alkylene Z, is preferably 1.2-a.kylene or 1.3-alkylene having 
preferably 2 to 6 C atoms, for example ethylene. 1 .2-propylene or 1.2-butylene. 

Examples of cycloalkylene Z, are 1.2- and 1.3-cyclopentylene and 1 .2- or 
1 3-cydohexylene. Examples of heterocycloalkylene Z, are 1.2- and 
1.3-pyrrolidine. 1.2- and 1.3-piperidine. and 1.2- and 1 .3-tetrahydrofuran. 

,n a preferred embodiment, the phosphine ligands are those of the formula XX... in 
which R,,. Ra and R„ independently of one another are H. C,-C.a.kyl. cyclopenty. 
or cydohexy. which are unsubstituted or substituted by C,-C 4 alky.. or phenyl wh,ch 
are unsubstituted or substituted by C,-C 4 alkyl. C,-C 4 a.koxy or trifluoromethvl. or 
benzyl which is unsubstituted or substituted by C,-C.alkyl. 
C,-C 4 alkoxy or trifluoromethyl. Particularly preferr d examples of phosphine 
, ig ands of the formula XX... ar (CH^P. (WH^P. (C^P. (CH^P. 
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<C,H 5 ),P. (rvCH^P. (*-CH,),P. (rvC.H.),P. <CHO,HP. <CH S CH,>,HP. ( C S H„),HP. 
(CH^P. (n-CH,),HP. (WyWiP. (n-C 4 H,),HP. (C^^P. 
(n-C 4 H,)H,P. <CH 5 CH,)H,P. <C 5 H„)H,P. <CH,)H,P. (CH 3 ),HP. (C,H 9 )H a P. 
(n-CH^P. (i-CVW. PH,. (2.methyl-CH 4 ),P. (3-CH,-CH 4 ),P. <4-CH s - 
CH 4 ),P. <4-CH,-CH 4 ),P. (^-di-CH^CH,^. (2.6^,-0^. (2-CHs- 
C,H 4 ),P. <3-C,H 5 -CH 4 >,P. (2-n-CHrC ,H 4 ),P. I*«WHAP. (4-n-CjHr 
CHAP. (2+CHrCHAP. P+CHrCHJ* (4+CHrCHAP. <2-"-C*r 
CHAP. (S-n-CH.-CHAP. (^WrVtf. {24CHrCHAP. 0-CHr 
CHAP. <2-t-CH,-CH 4 ),P. (MC.IW, (4-t-C.H,- 

CH^P. (2-CH,-6M-C 4 H^AP. ^GH^t-CH^P. <3-CHr«-CHr 
CHAP. <2.6-di-t-C 4 H,-CH,),P. <2.3-di-t-C 4 H,-C.H,),P. <CHi AP. CCH.AHP. 
(C,H,)P. (CH f ) 2 HP and (2.4-di-t-CH,-C,H,),P 

in another preferred embodiment, the phosphine .igands correspond to the 
formula XXIII in which R,,. R. and ^independently of one another are H. 
C,-Ca.»coxy. cydopentytoxy or cydohexyloxy which is unsubst«uted or substKuted 
by C-Calkyl. phenyloxy or phenyl which is unsubstituted or substituted by 
C,-Ca.kyl. C-CalKoxy or trffluoromethyl. or benzyloxy which is unsubstituted or 
substituted by C-Calkyl. C,-C 4 alKyl. C-Calkoxy or trifluoromethyl. 

Examples of phosphites are <CH,0),P. (WW. <n-CH 7 0),P. <MVW%P. 
(n-CH.OhP. <«W. (WW. CCW- (3-CH J ^ 4 H.-CH J 0) 1 P. (2- 
C*CW- O-CH.C.H.CP. (4.CH,-CH 4 0),P. <2.4-di-CH,-CH,0),P. (2.6-d,- 
CH,C W- WWW. (WWW. (4.CH S -CH 4 0),P. (2-n- 
CHr-CH.OkP. (3-n-CH r C,H 4 0),P. (4-n-CH r C 6 H 4 0),P. 
tf-i-CHrC.H.OhP. (3+CHrCH^P. (4-i-C 3 H,-CH 4 0),P. 
(2-n-C 4 H 9 -CH 4 0),P. <3-n-C 4 H,-CH 4 0),P. (4-n-CH,-CH 4 0),P. 
(2-i-0 4 H 9 -CH 4 O),P. (3-i-CH.-CH.OhP. <4-i-C 4 H,-CH.0),P. 
(2-CH,-6M-C 4 H,.CeH,0),P, (2>dW^HrCW. ((IMM^HrCHW- 
3-t-CH,-CH 4 0),P. (3«rWWW. C.4^M^VCHP)iP. 
(4-t-C 4 H,-CH 4 0),P. (2-t-CH,-CH 4 0),P and phosphites of the formula 
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ORa 




in which Ra is C,-C.alkyl. cydohexyl. benzyl, or phenyl which is unsubstituted or 
substituted by 1 or 2 C,-C 4 allcyl. 

Particulariy preferred phosphines are tri-i-propylphosphine, tn-t-buty.phosphine. 
tricydopentylphosphine and tricyclohexylphosphine. 

Organic or inorganic compounds, atoms or ions which are coordinated to a metal 
centre are designated as ligands for the ruthenium and osmium compounds to be 
used according to the invention. 

The meanings and preferred meanings of photolabile ligands and non-photolabile 
, ig ands (also called highly coordinating ligands) have been mentioned above. 

,n a preferred embodiment, the Ru and Os catalysts to be used according to the 
invention contain only photolabile ligands. phosphine groups and amons for 
charge balancing. The catalysts which are especially preferred are those wh,ch 
contain an arene group as a photo.abi.e ligand. a tertian/ phosphine group, and 
mono- or divalent anions for charge balancing. 

Suitable anions of inorganic or organic acids are. for example, hydride (H"). ha.ide 
(for example F'. CI". Br and I ). the anion of an oxygen acid, and BF 4 . PF. . SbF. 
or AsF. . It should be m ntioned that the abovementioned cyclopentadienyl .s a 
ligand and anion. 

Other suitable anions are C,-C„-. preterably CC, and particular,, preferably C, 
Creates, which, in particular, are branched, (or xamp» correspond^ to 
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th formula WWXX . in which R, is H or (MM ** «• W« and R, is 
C-Coalky. or phenyl, and the sum of the C atoms of R..R, and R t is 1 1 Examples 
are. in particular, i-propyloxy and t-butyloxy. 

Other suitable anions are C-C,.-. preferably and particularly preferably 
Cs-Cacetylides. which can correspond to the formula R.-CC. in which R. .s 
C,-C 16 alkyl. preferably a-branched C-C«alkyl. for example of the formula 
R R R C . or 3rs [£ic) phenyl or benzyl which are unsubstituted or substituted by 1 
toXciaM oVc^alko'xy. Some examples are M»opyh i- and t-butyh 
phenyl, benzyl-. 2-methyh 2.<Wimethy«, 2-i-propy«, 2-i-propy.^methyK 2-t- 
butyl, 2.6-di-t-butyl- and 2-methyl-6-t-butylphenylacetylide. 

The meaning, and preferred meanings of anions of oxygen acids have been 
mentioned above. 

K. F\ Ct. Br. BF«'. PF.-. SbF. . AsF». CF,SO, . ^ethyLC^-SO, . 

2 <MJimethyl-C 4 H $ -SO,-. 2.4.6-trimethyl-C.H s -SO, and 
4-CF 3 -C 6 H 5 -S0 5 and cyclopentadienyl (Cp ) are particularly preferred. 

The number of the non-photolabile ligands depends on the number of the 
. phosphine groups, the size of the non-photolabile ligands and the number of 

photolabile ligands. 

,n a preferred embodiment, the ruthenium and osmium compounds are particularly 
preferably those of one of the formulae XXIV to XXlVf 

(XXIVV 

R^Me^r)*, 

, _ (XXIVa). 

, (XXIVb). 

(R^aUMe^Z-)*, 



(R„),L,Me 2 -(Z~)z/» 



(XXIVc). 
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R 97 L,UMe 2 *(Z B -)2 W 
R, 7 UUMc J *(2 lv ) 2 * 
R 97 L,L 10 Me J *(Z ,v ) w , 



(XXlVd). 
(XXlVe), 
(XXIVf). 



in wiiiwii 



R, 7 is a tertiary phosphine of the formula XX!!! or XXMIa; 

Me is Ru or Os; 

n is the numbers 1. 2 or 3; 

Z is the anion of an inorganic or organic acid; 

(a) L, is an arene or heteroarene ligand; 

(b ) L, is a monovalent photolabile ligand which is different to L.; and 

(c) L„ is a monovalent non-photolabile ligand. 

For FV U U and U. the preferred meanings mentioned above for the individual 
meanings apply. 

,„ the formu.ee XXIV to XXIVf. n is preferably 1 or 2. and especially 1 For ^, the 
preferred meanings mentioned for the phosphine ligands of the formula XX... 
apply, and these are. in particular, tertiary phosphines. 

Ruthenium and osm.um compounds which are especiaHy 

process according to the invention are those of one of the formulae XXV to XXVf 

|R,W)UMW (XXV)l 



(R*R«R»P)2UMe 2, (Z'-) 2 
(R*R«P«P)ULwMe , *(Z , -) J 
(R^RWV^UMe^tZ'-), 



(XXVa). 



(XXVb). 



(XXVc). 
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(R^R^P^oMe^Z 1 ), 



, 2 ,7h (XXVd). 



(XXVe). 



(R^^PJUU)^^), I*™. 



in which 

MeisRuorOa: _ „ 

Z in Ibrmulae XXV to XXVe is H. eydc^ntadienyl. Cr Br. BP.. r->-. . cur. . AaF. . 
CFjSO.*, C^U-SCV. 4-methyW.rVSO,-. 3.Mirr*hyW:.rVSCy. 
aAtHrtnrfhyM^-SO,- and 4^H,-SCV and 1. formula XXVf ia H. 
cyctopentodien* BF.'. PF,. SbF.'. AsF.'. CF.SCY. <VMSO, . ^,^0. . 

2«Wir«!rryKyVSO.^ , 
= p^ arrf ^indep.nd^of««.^ar.C,.C,*kyl.orcyck,r*rtylor 

cydohexy. or cydopentylox, or cydohe^loxy which are unsub.titu.ed or 

substituted by 1 .0 3 CrCM or phenyl « banzyi or ph«.yk»» or benzyl 

wr»chareun^ut^or»utelitutedbyito3C,-C.alkyl; 

U is ft-C*— or C-Cheteroarer* wNch are unsubeututed or substituted by 1 

to 3 C,-C.alky1. C,-C.a»o«y. -OH. -F or CI; 

U is C-C^IKyl^. benzoniWIe or benzylnHrile: and 

L„ is H,0 or C,-<^alkanol. 

Preferred arenas and het.roarenes are benzene, toluene, xylene. 
•rime.hyrb.nz.ne. naph.ha.ene. bipb-yl. anth^cene. acenapHhene. fluorene. 
phenanthrene. pyrene. chrysane. duoranthrene. turan. thiopt»n.. pyrrole, 
pyridine, ypyran. ^Ihiopyran. pyhmidin.. pyrazine. indole, coumarone. 
thionaphfrene. carbazote. dibenzofuran. abenzotNophene. pyrazole. ,m,daz 0 le. 

benzimidaz.... o.azo.e. tKazole. i— * W— • <•**»• ~ ™ ' 

acridine.chromen.ph naane. phenoxa*.. pheno.hiaz,n 
and purin. More pref rred arenas and heteroarenes are benzene, naphthalene, 
cumene. .hiophene and benzo.hi.phen. The aren. is especialiy preferably 
benzene or a benz ne substitute by C,C.alkyt. for exampie tCuene. xylen . 
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isopropylbenzene 
thiophene. 



. tert-butylbenzene or cumene. and the heteroarene is preferably 



lf the preparation of the ruthenium and osmium catalysts is carried out in solvents 
which can coordinate to a metal atom, for example alkanols. solvated Ru/Os 
cation complexes can form, and these are also included in the context of the use 
of according to the invention. 

- „rtho«:„m and osmium compounds to be used according to 
some e*«mpioa «. 

the invention are [Tos is Bsybtel: (^HPRud^cumenelCI,. <CH„),PRu(p- 
cum.ne)CI, (CH^Rulp^umeneXTes),. (C.H„),PRu(p^n,«»)Br„ 
(C H ),PRu<|«umene>CIF. (CJ1„)J'Ru(C.HJ(T08k (CH„) s PRu<CH > - 

(CJ<„)^Ru(bipnenyl)(T<»)». (< W4„WRu(anthracen.)(To»,. 
(CW> PRu<C„H.,CTos>, ^Wumene.C!,. (CHJ.PRuCp^meneK:., 
(n-C.H.),PRu(l«umene)CI,. [(C^..^WCH r CNKT«) 1 . (C^„^Ru(CH,. 
CNMCA-OHKTOS),. (C^„)^Ru( l «ur n ,ne)(CH ) ^NWPFJ,. (C^„)^Ru(p- 
™mene)(CH^N W To S ^(i^.HJ,PRu(P^ene)(CH J *N) 1 (Tos), 

(C ^,0,PRu<CH,CN>CI,. (W.WRutCH,^,. (C.H„W>Ru(p- 

JneneKWOHMBPO,. (& H„)^u(p<umen.,(CAOH WB F A . .C^„. ) PRu<P- 

cumeneK^OHWPFJ,. ,^H„),PRu(C^,OH W T M ),. 

cumene>C. (HCH^CP^menetO,. ,CH,),POs(p-cumene)C^ (C.HJ.POsrp- 

cunwne)CI,. ((C^„),Pl^u<p-eumene)CI, and RuCMp- 

cumene)[(C.H„)^CH,CH^(C^„y. 

The ruthenium and osmium compounds to be used according .0 .he invention are 
known or can be prepared by known and anaiogous processes storting from the 
me,,, haiide. (for example Me*, or IMearcneXJ, and reason with phosphmes 

and ligand-forming agents. 

7 Further su.,able one-component ca,aly,ts are divalen,!, caaonic rhenium o- 
osmium compounds with a meta, atom ,o which 1 ,o 3 tertiary phosphine iioands 
A ,„thecaseo,ru.h nium compound,, stericaOy buiky substituents. rf de W ed. 
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non-photolabile neutral ligands and anions are bonded for charge balancing, with 
the proviso that in ruthenium(trisphenylphosphine)dihalides or -hydride-halides the 
phenyl groups are substituted by C-Calkyl. C,-C,.haloalkyl or C-Calkoxy. 

The ruthenium and osmium compounds preferably contain 2 or 3 tertiary 
phosphine groups. Phosphine groups in the context of the invention are 
understood as meaning tertiary phophines and phosphites. The number of 
additional non-photolabile neutral ligands depends on the one hand on the number 
of phosphine and phosphite ligands. and on the other hand on the valency of the 
neutral ligands. Monovalent or divalent neutral ligands are preferred. 

In a preferred embodiment, the divalently cationic ruthenium and osmium 
compounds to be used according to the invention contain 3 phosphine or 
phosphite groups and two monovalent anions for charge balancing; or 3 
phosphine or phosphite groups, two monovalent or one divalent non-photolabile 
neutral ligand. and two monovalent anions for charge balancing, or 2 phosph-ne or 
phosphite groups, one monoanionic. addrtionally monovalent non-photolab.le 
neutral ligands and one monovalent anion for charge balancing. 

The meanings and preferred meanings of non-photolabile ligands (also ca.led 
highly coordinating ligands) have been mentioned above. 

Ste. 'cally bulky substituents in the context of the invention are understood as 
meaning those which shield the ruthenium and osmium atoms sterically. It has 
thus been found, surprisingly, that linear alkyl groups as substituents in the 
phosphine and phosphite ligands result in ruthenium compounds without any 
thermal activity for the metathesis polymerization of strained cyc.oo.ef,ns. It has 
also been observed that in the case of osmium compounds, surprisingly. I.near 
alky, groups as substituents in the phosphin and phosphite ligands have an 
excellent thermocatalytic activity for the metathesis po.ymerization of strained 
cycloo.ef.ns; howev r. phosphine and phosphit. ligands with ct rically bulky 
substituents are also preferably used for the osmium compounds. It has 
furthermore been found that th steric shielding of tripheny. phosphine ligands .n 
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ruthenium dihalides and ruthenium hydride-halides is inadequate, and such 
catalysts have oniy a moderate catalytic activity for the metathesis polymerization 
of strained cydoolefins. The catalytic activity can suprisingly be increased 
cons,derably if the tertiary phosphine groups contain phenyl substituted by alkyl or 



alkoxy groups. 



The meanings and preferred meanings of phosphine ligands have been 
mentioned above. Alkyl R„. R« and R» are particularly preferably branched 
alkyl for example of the formula -CR^R* in which R„ is H or C-Calky!. R. is 
C,-C„alkyl. and R, is C,-C„alkyl or phenyl which is unsubstituted or substituted by 
C t -Calkyl or C,-C.alkoxy. and the sum of the C atoms in the radical -CR^R* * 3 
to 18. Examples of alkyl are i-propyl. i- and t-butyl, 1-methyl- or 1 .1-dimethylprop- 

I- y| 1-methyl- or 1.1-dimethylbut-1-yl. 1-methyl- or 1.1-dimethylpent-1-yl. 1- 
methyl- or 1.1-dimethy.hex-1-yl. 1-methyl- or 1.1-dimethylhept1-1yl (sic]. 1-methyl- 
or U-dimethyloct-1-yl. 1-methyl- or 1.1 -dimethylnon-1-yl. 1-methyl- or 
1,1-dimethyldec-1-yl. 1-methyl- or 1,1-dimethylundec-1-yl. 1-methyl- or 

II- dimethyldodec-l-yl. 1-methyl- or 1.1 -dimethyltridec-1-yl. 1-methyl- or 

1 1-dimethyltetradec-l-yl. 1-methyl- or 1.1-dimethylpentadec-l-yl. 1-methyl- or 
U-dimethylhexadec-1-yl. 1-methylheptadec-1-yl. phenyl-dimethyl-methyl. 
Preferred examples are i-propyl. i- and t-butyl. 

,n the case of the osmium compounds used. R„. R* and R 9J can also be linear 
alkyl having 1 to 18. preferably 1 to 12. more preferably 1 to 8. and particularly 
preferably 1 to 6 C atoms, for example methyl, ethyl, n-propyl. n-butyl. n-pentyl. 
n-hexyl. n-heptyl and n-octyl. 

Alkoxy R„. R„ and R„ can contain 3 to 12. more preferably 3 to 8. and 
particularly preferably 3 to 6 C atoms. The alkoxy is particularly preferably 
a-branched alkoxy. for example f the formula -OCR 9 R t R a . in which R 6 is H or 
C-Calkyl. R, is C-C^alkyl. and R 0 is C,-C„a.ky« or phenyl which is unsubsftuted 
or substituted by C,-C.a.kyl or C,-C,a.koxy. and the sum of the C atoms .n the 
radical -CR B R t R< is 3 to 18. Examples of alkoxy are i-propy.oxy. i- and t-buty.oxy. 
1-methyl- or 1.1-dimethy.prop-l-oxyl. 1-methyl- or l.l-dimethy.bu.-1-oxyl. 1- 



methyl- or 1.1-dimethylpent-l-oxyl. 1-methyl- or 1 .1-dimethylhex-1-oxyl. 1-methyl- 
or 1.1-dimethylhept-1-oxyf. 1-methyl- or 1.1-dimethyloct-1-oxyl. 1-methyl- or 1.1- 
dimethylnon-1-oxyl. 1-methyl- or 1.1-dimethyldec-1-oxyl. 1-methyl- or 1.1- 
dimethy.undec-1-oxyl. 1-methy^r 1.1-dimethyldodec-^xyl. 1_methy.- or 1.1- 
dinethy.tridec-1-oxyf. 1-methyl- or l.1-dimethy.tetradec-1-oxyl. 1-methyl- or 1.1- 
dimethylpentadec-1-oxyl. 1-methyl- or 1.1-dimethylhexadec-l-oxyl. 1- 
methytheptadec-1-oxyl. phenyl-dimethyl-methyl. Preferred examples are 
i-propytoxy. i- and t-butyloxy. 

in the case of the osmium compounds used. R„. R« and R»can also be linear 
alkoxy having 1 to 18. preferably 1 to 12. more preferably 1 to 3. and particularly 
preferably 1 to 6 C atoms, for example methoxy. ethoxy. n-propyloxy. n-butyloxy. 
n-pentyloxy. n-hexyloxy. n-heptyloxy and n-octyloxy. 

Cydoalkyl R„. R« and R„ are preferably C 4 -C 9 cycloalkyl. and particularly 
preferably C,- or Ccycloalkyl- Some examples are cyclobutyl. cydoheptyl. 
cyclooctyl and in particular, cyclopenty. and cydohexyl. which are preferably 
unsubstituted or substituted by 1 to 3 alkyl. haloalkyl or alkoxy groups. 

Cydoa.ky.oxy R,,. R„ and R„ are preferably C s -C 8 cyc.oa.ky.oxy. and particular 
preferably C s - or Ccycloalkyloxy. Some examples are cyclobutyloxy. 
cydoheptyloxy. cydoodyloxy and. in P articu.ar. cyc.openty.oxy and cyc.ohexy.oxy. 
which are preferably unsubstituted or substituted by 1 to 3 alkyl. haloalkyl or 

atkoxy groups. 

in a preferred embodiment, the phosohine ligar.ds are those of the formula XX... in 
which R„. R„ and R,, independently of one another are a-branched C-Calkyl. 
cyclopenty. or cydohexyl which are unsubstituted or substituted by C-C.alV.yl. or 
phenyl which is unsubstituted or substituted by C-C.alkyl. C.-C.alkyl ls.c] 
C,.C 4 a.koxy or trifluoromethyl. Particularly pr ferred examples of phosphme 
Hgands of the formula XXIII are <C»H,)jP. (C 4 H,),P. (C,H„),P. (WhP. 
(i-C 4 H,) 3 P. (t-C.H,),P. (C^-CHCCH^P. ICH^CH,)^. 
(Z-methylphenyl)^. (2.3-d methylph nyl),P. (2.4-dimethylphen y .) 3 P. 
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(2.6KJimethylphenyi) J P,(2-melhyM-i-propylphcnyl) s P. 

(2 .memyl-3-i-propylpheny^ 
(2.4-di-t-butylphenyO,P.(2-methyW-i-propylphenyl) 3 P, 

(2-methyl-3-t-butylphenyO s P.(2.5KJi-t-butylphenyl) 1 P. 
(^methyW-butylphenyO^P.C^mettiyl-S-i-butylphenyl),?. 
(2.3-di-t-butylphenyl) s P and (2.WM-butylphenyl) J P. 

. . - ... . . -mhnHiment. the phosphite ligands are those of the formula 

inanguwi 

XXIII in which R,,. Rn ana R« independently of one another are a-branched 
C-Calkoxy. or cydopentyloxy or cyclohexyloxy which are unsubstituted or 
substituted by Chalky.; or phenyloxy which is unsubstituted or substituted by C r 
C.alkyl. C,-C 4 alkoxy or trifluoromethyl. Examples of phosphites have been 
mentioned above. 



Examples 



and preferred meanings of suitable anions have been mentioned above. 



In a 



preferred embodiment, the ruthenium and osmium compounds are particularly 
preferabry those of the formulae XXVI. XXVIa. XXV.b. XXVIc or XXVId 

Me l *(Lii)i(Lia)(Y,")2 (XXV,) " 



(XXVIa). 

Me^LnWY.h 



_ % (XXVIb). 
Me 2 *(L„) 2 L„CV) 



(XXVIc). 

Me J *(L„)jL 14 (Yi")7 



(XXVId). 

Me'*Lu(Lt t )3(Yi")j 



in which 
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MeisRuorOs; 

Y, is the anion of a monobasic acid; 

L„ is a phosphine of the formula XXIII or XXIIIa; 

L 12 is a neutral ligand; 

L„ is cyclopentadienyl which is unsubstituted or substituted by C t -C 4 alkyl; and 
L 14 is CO. 

_ .. . .., , ... nf\.. i ... L.. and Y,. the above preferred meanings 

For ine irrarviuuiai n< -a- — -n. -.- 

apply. 

in a particularly preferred embodiment, in formula XXVI L„ is a C,-C<alkanol. in 
formula XXVIb. Y, « CI or Br. in formula XXVIc Y, is H, and in the formulae XXVI 
to XXVIc L„ is trM-propylphosphine. tricyclohexylphosphine. triphenylphosph.no or 
triphenylphosphine which is substituted by 1 to 3 Chalky, in the phenyl groups. 

Some examples of ruthenium and osmium compounds to be used according to 
the invention are ((CH^PtRutCH^H^os),, [(AH^RuCI, and 
UCoHnkPLRumOH),. 

The ruthenium and osmium compounds to be used according to the invention are 
Known or can be prepared by Known and analogous processes starting from the 
metal ha.ides (for example MeX, lMe(diolefin)XJ, or [Me-areneX J, and react,on 
with phosphines and ligand-forming agents. 

The compositions according to the invention are surprisingly stabte to storage and 
can be marketed as such. However, it is also possible to mix the indiv.dual 
components together before processing. If air- and/or moisture-sensitive catalysts 
are used storage with exclusion of air and mo.sture is advisable. Since the novel 
crosslinking principle is not based on a fre radical, anionic or cationic react, on. 
practically no interruption or slowing of the reaction is observed on carrying out th 
polymerization in air. which offers considerable advantages during P rocess,ng. for 
example no extensive protectiv precautions. The possibHity of using solvent-free 
syst ms in the case of liquid polym rs of low molecular weight or in the case of 
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solutions with reactive strained cydoolefins which are capable of metathesis 
polymerization as comonomers is a great surprising advantage. 

The invention also relates to a process for the preparation of crosslinked polymers 
by metathesis polymerization, wherein a composition of 

(a) a catalytic amount of a one-component catalyst for metathesis polymerization 

and 

(b) at least one polymer with strained cycioaikenylene radicals bonded in the 
polymer backbone, alone or mixed with strained cydoolefins. 

(c) is polymerized by heating. 

(d) is polymerized by irradiation. 

(e) is polymerized by heating and irradiation. 

(f) the one-component catalyst is activated by brief heating and the polymerization 
is brought to completion by irradiation, or 

(g) the one-component catalyst is activated by brief irradiation and the 
polymerization is brought to completion by heating. 



Heating can mean a temperature of 50 to 300«C. preferably 60 to 250'C. 
particularly preferably ,0 to 200'C. and espedally preferably 60 to 1WC. The 
polymerization times essentially depend on the catalyst activity, and the times can 
extend from several seconds to minutes and hours. 

In the process according to the invention, it is not necessary to maintain the 
irradiation of the reaction mixture over the entire duration of the reaction. Once the 
polymerization has been initiated photochemically. the subsequent course of the 
readion takes place independently, even in the dark. Irradiation is advantageously 
carried out with light of a wavelength in the range from 50 nm to 1000 nm. 
preferably in the range from 200 nm to 500 nm and especially preferably in the UV 
range. The irradiation tim depends on the nature of the light source. Suitable 
sources of irradiation are. for xampl , the sun, sources of laser radiation, X-ray 
radiation and. in particular, sources of UV radiation. UV lasers or UV lamps are 
preferably employed according to th invention. The irradiation of the catalyst can 
be carried out both before, during and after the addition of the monom r. 
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Suitable irradiation times are from one second to several hours, in particular 
minutes to hours. The sequence of the addition of monomers and catalysts is not 
critical. The monomer can be both initially introduced into the reaction vessel and 
added after introduction of the catalyst. Likewise, the catalyst can be pre-irradiated 
and then added the monomer. It is furthermore also possible to irradiate the 
solution comprising catalyst and monomer. 

In the case of irradiation using photoactive catalysts, the process according to the 
invention is preferably carried out at room temperature to slightly elevated 
temperature. An increase in temperature in this case essentially serves to 
increase the rate of reaction. At the temperatures chosen to accelerate the 
reaction, a photopolymerteation therefore also chiefly takes place. However, it 
should be mentioned that the catalysts can be converted into thermoactive 
catalysts by adequate irradiation or elevated temperature. It is furthermore to be 
noted that some catalysts are capable of initiating the metathesis polymerization 
both thermally and [lacuna] irradiation. 

In particular, the process according to the invention is carried out with irradiation 
preferably at temperatures of -20 to +1 1 0X. particularly preferably 20 to 80'C. 

The irradiation time essentially depends on the desired reaction procedure. Brief 
irradiation is chosen, for example, if the polymerization is only to be in.tiated by 
irradiation and is to be brought to completion by heating. This can mean an 
irradiation time of up to 60 seconds, preferably 5 to 60 seconds, and particularly 
preferably 10 to 40 seconds. A longer irradiation time is chosen, for example, if the 
polymerization is to be carried out chiefly with irradiation and the final 
polymerization is to be brought to completion only by after-heating. 

A quite particular and surprising advantage of the process according to the 
invention is that one-component catalysts used act as thermal catalysts aft r the 
irradiation. This results in the possibility of continuing the polymerization and 
bringing it to completion by supplying heat after a short irradiation tim . which 
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offers economic and industrial advantages in various areas of production of 
shaped articles or coatings. 

The present invention jo relates to crosslinked metathesis polymers of a 
polymer with strained cycloalkenylene radicals bonded in the polymer backbone, 
alone or as a mixture with strained cycloolefins. 

r.rnsslinked usino a 

Th present invenuon aiso i«wws w m»»« «»— i — / • 

one-component catalyst, from a composition comprising 

(a) a catalytic amount of a one-component catalyst for the metathesis 
polymerization and 

(b) at least one polymer with strained cycloalkenylene radicals bonded in the 
polymer backbone, alone or as a mixture with strained cycloolefins. 

Materials for production of shaped articles by machining, or shaped articles of all 
types directly, as well as coatings and relief images can be produced with the 
process according to the invention. The invention also relates to shaped articles of 
crosslinked metathesis polymers of the composition according to the invention. 

The polymers according to the invention can have very different properties, 
d pending on the monomer used. Some are distinguished by a very high 
permeability to oxygen, low dielectric constants, good heat stability and low 
absorption of water. Others have outstanding optical properties, for example high 
transparency and low refractive indices. Furthermore, the low shrinkage is to be 
singled out in particular. They can therefore be used in very different industrial 
fields. 

As layers on the surfaces of carrier materials, the compositions according to the 
invention are distinguished by a high adh sive strength. The coated materials are 
furthermore distinguished by a high surface smoothness and gloss. Among the 
good mechanical properties, the low shrinkage and the high impact strength are to 
be singled out in particular, and also the heat stability. The ease of removal from 
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the moulds during processing in moulds and the high resistance to solvents are 
furthermore to be mentioned. 

These polymers are suitable for the production of medical equipment, implants or 
contact lenses; for the production of electronic components; as binders for 
coatings; as photocurable compositions for model construction or as adhesives for 
gluing substrates of low surface energy (for example Teflon, polyethylene and 

polypropylene, siiicone ruooer;. and as V mnuywv«mi>***«' ~ w " 

stereolithography. The compositions according to the invention can also be used 
for the production of coatings by pbotopolymerization, it being possible for on the 
one hand clear (transparent) and even pigmented compositions to be used. Both 
white and coloured pigments can be used. 

The photocurable compositions according to the invention are particularly suitable 
for the production of protective coatings and relief images. The invention also 
relates to a variant of the process according to the invention for the production of 
coated materials or relief images on carrier materials, in which a composition 
according to the invention and, if desired, a solvent are applied as a layer to a 
carrier, for example by dipping, brushing, pouring, rolling, knife-coating orwhirler 
coating processes, the solvent is removed, if desired, and the layer is irradiated or 
heated for polymerization, or the layer is irradiated through a photomask and the 
non-irradiated portions are then removed with a solvent. This can then also be 
followed by heat treatment. Using this process, surfaces of substrates can be 
modified or protected, or. for example, printed circuits, printing plates or printing 
rolls can be produced. In the production of printed circuits, the compositions 
according to the invention can also be employed as solder resists. Other possible 
uses are the production of screen printing masks and the use as radiation-curable 
printing inks for offset, screen and flexographic printing. Because of the high 
adhesion and the low absorption of water, the protective coatings on carrier 
materials are especially suitabl for corrosion protection. 

The present invention furthermore relates to a coated carrier material, wherein a 
layer of a composition according t the inv ntion is applied to a substrate. 
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The present invention also relates to a coated substrate with a cured layer of a 
composition according to the invention. The exceptionally high adhesive strength 
of the layers, even on metal surfaces, is to be singled out in particular, even when 
the products are pure hydrocarbon polymers. 

Suitable substrates (carrier materials) are. for example, those of glass, minerals, 
ceramics, plastics, wood, semimetals. metais. meiai oxides and meiai nitrides. 
The layer thicknesses essentially depend on the desired use. and can be. for 
example. 0.1 to 1000 Mm. preferably 0.5 to 500 urn. particularly preferably 1 to 
1 00 um. The coated materials are distinguished by a high adhesive strength and 
good thermal and mechanical properties. 

The coated materials according to the invention can be prepared by known 
methods, for example brushing, knife-coating or casting processes, such as 
curtain pouring or spin coating. 

The compositions according to the invention can also bo used as adhesives which 
cure by means of heat or by means of radiation, for firmly bonding the most 
diverse materials, it being possible for outstanding peel strengths to be achieved. 

In addition to the high adhesive strengths, the outstanding probability, the good 
surface properties (smoothness, gloss), the high crosslinking density and the 
resistance to solvents and other liquids, the polymers according to the invention 
are also distinguished in particular by very good physico-mechanical properties, 
for example high heat resistance, breaking and flexural strength and impact 
strength, and outstanding electrical properties, for example low surface tensions 
and charges (very low e and tan 5 values). The high permeability to oxygen and 
the low absorption of water are furthermore to be mentioned. Polymers built up 
only from carbon and hydrogen are particularly valuable ecologically, since, for 
exampl , they can be incinerated by pyrrolysis [sic] or without the formation of 
harmful by-products. Because of their outstanding electrical properties, these 
polymers are particularly suitable for applications in the field of electrical 
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engineering and electronics, in particular as insulating materials (for example coil 
encapsulation). 

The following examples illustrate the invention in more detail. 

Al Preparation of polvmers ™«h drained c yclootefin rings in the polymer backbone 



Example A1: Preparation of 



<CHA+ -HCHsCH-JCH,), 



55.1 g (0.5 mol) of Vestenamer* 6213 (cyclooctene polymerized by metathesis, 
Huls AG) are dissolved in 200 ml of toluene, the solution is mixed with 33.05 g 
(0.25 mol) of dicyclopentadiene and the mixture is heated at 190°C in an 
autoclave for 8 hours. During this operation, the dicyclopentadiene is cleaved to 
give cyclopentadiene. which reacts with the Vestenamer to form norbomene 
groups. The reaction mixture is then poured into methanol/acetone (1:1). while 
stirring, and the polymer which has precipitated out is filtered off and then dried. 
Yield 50.4 g (76%). Elemental analysis. % calculated (found): C 88.57 (88.38). 
H 11.43 (11.60). 

'H-NMR analysis shows that 35% of the double bonds of the Vestenamer have 
been converted into norbornene units (x = 0.35 and y = 0.65). M„ = 8500 g/mol; 
M m = 170.000 g/mol. determined by gel permeation chromatography in 
tetrahydrofuran with polystyrene standards. 



Example A2: Preparation of 



<CH 3 ). CH=CH-(CH 3 ), 



55.1 g (0.5 mol) of Vestenamer* L3000 (cyclooctene of low molecular weight 
polymerized by metathesis. Huls AG. Marl) are mixed with 33.5 g (0.25 mol) of 
dicyclopentadiene without a solvent and the mixture is heated at 190°C in an 
autoclave for 8 hours. Working up and analysis of the reaction mixture are carr 
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out analogously to Example A1 . Yield 47.5 g (77%). Elemental analysis. 
% calculated (found): C 88.57 (88.54), H 11.43 (11.32). 
'H-NMR analysis shows that 28% of the double bonds of the Vestenamer have 
been converted into norbomene units (x = 0.28 and y = 0.72). M„ = 500 g/mol; 
M w = 5000 g/mol. 

Example A3: Preparation of linear polydicydopentadiene with structural elements 




0.25 g of rWtN-CHsMCH^KCH^WOCtCH^CI] is dissolved in 150 ml of toluene, 
and 30 ml of dicyclopentadiene are added. Irradiation is carried out for 30 minutes 
with a 1000W Xenon lamp with an IR water filter from a distance of one metre. 
Thereafter. 1 ml of benzaldehyde is added and the mixture is stirred at room 
temperature for a further hour. It is added dropwise to 1 .5 1 of methanol and the 
polymer which has precipitated out is filtered off and dried in vacuo at room 
temperature. The yield of crude product is 22.6 g. 200 ml of toluene are added to 
the crude product and the mixture is stirred at room temperature for 3 days. It is 
centrrfuged and the toluene solution is decanted off. and subsequently stirred into 
1 .5 1 of methanol. The white polymer which has precipitated out is filtered off and 
dried in vacuo. The yield of polymer is 5.62 g (19%). The polymer is very readily 
soluble in toluene. 



Example A4: Preparation of 



NH 




(a) 15 0 g (0.091 mol) of norbornene-1 ,2-dicarboxylic anhydride are dissolved in 
200 m. of toluene at 80X. A solution of 5.29 g (0.0455 mol) of 1 ,6-diaminohexane 
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in 50 ml of toluene is added dropwise with stirring. After 30 minutes at 80'C the 
mixture is cooled and filtered. The residue is powdered and dried under a high 
vacuum at 40X for 24h. Yield: 16.5 g (81.6%). Melting point: 164'C; IR (KBr): 
v(C*0): 1635 cnv' (amide) and 1695 cm ' (carboxylic acid); 'H-NMR (DMSO-d.): 
inter alia 5 92-6.16 ppm: 4 olefin-H of the norbomene units; elemental analysis 
(C, 4 H M NA): calculated: C 64.85; H 7.26; N 6.30; found: C 66.64, H 8.34; N 7.22 

(b) 1.0 g (11 mmol)of 1.4-butanedioland7.84g<11 mmol) of the product 
obtained in (a) are dissolved in 50 ml of dimethylformamide. 4.54 g (22 mnioi) of 
dicyclohexylcarbodiimide are added in portions wHh stirring and under an N 2 
atmosphere, and the mixture is heated at 50'C for 14 h. After cooling, the mixture 
is filtered and the filtrate is precipitated in 1 1 of water. Filtration and drying give the 
title compound. Yield: 4.2 g (84%); GPC (THF. PS standards): M„=5100 g/mol; 
M.=13.000 g/mol; elemental analysis (C„H„NA)«: calculated: C 67.44; H 7.68; N 
5.62; found: C 66.88. H 7.70; N 5.87; soluble in DMSO. DMF. CHCI,. THF. 
dioxane 

Example A5: Preparation of 




(a) 15 0 g (0.090 mol) of 7-oxanorbornene-1.2-dicarboxylic anhydride are 
dissolved in 135 ml of dioxane at 60X. A solution of 5 23 g (0.045 mol) of 1 ,8- 
diaminohexane in 50 ml of toluene is added dropwise with stirring. After 30 
minutes at 60'C the mixture is cooled and filtered. The residue is powdered and 
dried under a high vacuum at 40'C for 24h. Yie.d: 13.09 g (64.9%). Metting point: 
120-C (decomposes); IR (KBr): v(C=0): 1632 em" (amide) and 1700 cm" 
(carboxylic acid); 'H-NMR (DMSO-d.): inter alia 6.0-6.5 ppm: 4 olefin-H of the 7- 
oxanorbomene units; el m ntal analysis (C^NA): calculated: C 64.85; 

H 7.26; N 6.30; found: C 66.64. H 8.34; N 7.22 

(b) 10 g (11 mmol) of 1 .4-butanediol and 5.0 g (1 1 mmol) of th product obtained 
in (a) are dissolv d in 50 ml of dimethylformamide. 4.54 g (22 mmol) of 
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dicyclohexylcarbodiimide are added in portions with stirring and under an N, 
atmosphere, and the mixture is heated at 50«C for 14 h. After cooling, the mixtun 
is filtered and the filtrate is concentrated in a rotary evaporator. Drying gives the 
title compound. Yield: 5.2 g (94%); GPC (THF. PS standards): M„=7400 g/mol; 
M.=20.800 g/mol: elemental analysis (C n H M N}O a ) n : calculated: C 62.14; H 6.82; 
5.57; found: C 61.74. H 7.12. N 6.01; soluble in DMSO. DMF. CHCI,. THF. 
dioxane 



p. ) Use examples 



Example B1: Thermal polymerization 

In 1 ml of a 20% solution of the polymer according to Example A1 in chloroform, 
(a) 5 mg of Ru(p-cumenel[P(C 8 H„)J J CI 2 or (b) 5 mg of RulPfCH^C^OH), are 
dissolved. The mixtures are cast to films on glass plates with a doctor blade of 
100 um slit width. The solvent is evaporated off at room temperature for 1 hour 
and the film is then dried at 50°C in vacuo for 1 hour. The coated plates are stable 
to storage. The layers can be detached with toluene. The coated glass plates are 
heated either at 65 e C for 4 hours or at 80*C for 2 hours. After cooling, the plates 
are placed in water, whereupon a transparent, practically colourless and 
unsupported film can be detached from the glass plate. The crosslinking is 
demonstrated by the insolubility and swellability of the film in toluene. The films 
have an elasticity modulus of 2 MPa (Minimat tensile tester). Dielectric constants 
(e) and and (sic) loss factors (tan 8) at 30"C and various frequencies (v): 



tan6(%) 



200 Hz 


2.8 


<0.01 


1000Hz 


2.7 


0.01 


10.000 Hz 


2.7 


0.015 


100 kHz 


2.6 


0.025 


1 MHz 


2.5 


0.03 


10 MHz 


2 4 • 


0.05 


100 MHz 
1 GHz 


2.3 
2.2 


0.05 

not determined 
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Fxample B2: Thermal polymerization 

Analogously to Example B1. 5 mg of Rufj>-cumenel[P(C 6 H„),l 3 Cl 1 , as the catalyst, 
are dissolved in 1 g of the polymer according to Example A2 by heating to 60*C 
and the solvent-free mixture is applied hot to a heated glass plate with a doctor 
blade. The coated plate is heated at 80°C for 2 hours. After cooling, a pale yellow 
transparent and unsupported film is detached from the glass plate. The film is 
insoluble in toluene. 

Example B3: Thermal polymerization 

Analogously to Example B1. a 5% solution of the polymer according to Example 
A3 is dissolved in toluene with 0.5% by weight of Ru[p-cumenejr.P(C,H„),],CI I as 
the catalyst, and the mixture is applied to a heated glass plate with a layer 
thickness of 20 um using a doctor blade. The coated plate is heated at 80'C for 
2 hours. After cooling, a transparent and unsupported film which swells only very 
slightly in toluene is detached from the glass plate. 

Example B4: Thermal polymerization 

The procedure is analogous to Example 3 and a film is formed on a copper foil. 
After the polymerization, the film has excellent adhesion to the copper foil. The 
coated copper foil is steeped in water for one week; even after this, the film cannot 
be detached from the copper film. 

Example A5: Photopolymerization 

A layer about 1 um thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A1 and 
and [sic) 1% by weight (based on the polymer) of Ta[CH,-Si(CH,) J : CI 2 . as the 
catalyst, in toluene. The layer is exposed to an Oriel 350W UV lamp under a mask 
for 15 seconds, subsequently heated at 80'C for 30 seconds and then developed 
with methylene chloride. A r li f image with a r solution of about 1 um is obtained. 

Example B6: Photopolymerization 

The solution used according to Example B5 is applied to a copper-coated poxy 
laminate (printed circuit board) with a layer thickness of 50 pm using a doctor 
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blade (slit width 500 urn). The layer is then heated at 70'C for 1 minute and 
subsequently exposed to a Hohnle 3000W UV lamp under a printed circuit board 
mask for 3 minutes. It is then heated at 70°C for 3 minutes and subsequently 
developed with methylene chloride. A negative relief image of high resolution is 
obtained. 



Example B7: Photopolymerization 

A layer about 1 urn thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A3 and 
and [sicj 2% by weight (ba*ed on the polymer) of Ta(CH r Si(CH,),],CI 2 . as the 
catalyst, in toluene. The layer is exposed to an Oriel 350W UV lamp under a resist 
mask for 5 seconds, subsequently heated at 80'C for 30 seconds and then 
developed with toluene. A relief image with a resolution of about 0.7 pm is 
obtained. 



Example B8: Photopolymerization 

A layer about 1 urn thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A4 and 
and {sic] 1% by weight (based on the polymer) of TalCrVSi<CH 3 )J,CI 2 in dioxane. 
The layer is exposed to an Oriel 350W UV lamp under a resist mask for 
100 seconds and then developed with dioxane. A relief image with a high 
resolution is obtained. 



Example B9: Photopolymerization 

A layer about 1 pm thick is applied to an Si semiconductor plate (wafer) by means 
of spin coating with a 10% solution of the polymer according to Example A5 and 
and (sic) 1% by weight (based on the poi/mer) of TalCH^SifCH,),)^!, in dioxane. 
The layer is exposed to an Oriel 350W UV lamp under a resist mask for 
100 seconds and then developed with dioxan .Ar li f image with a high 

r solution is obtained. 
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Fnamote B10 Photocrosslinking 

0.5 g of the polymer according to Example A4 are dissolved in 5 ml of dioxane 
together with 5 mg of [Ru(C.H.) J ](Tos) J . The solution is poured onto a glass plate 
and a film about 30 urn thick is produced by means of a doctor blade. Exposure is 
carried out for 3 minutes under a UV lamp, after which the clear, transparent films 
can no longer be dissolved, in particular neither in DMSO nor in dioxane. 

Example JU L Photocrosslinking 

0:5 g of the polymer according to Example A4 are dissolved in 5 ml of dioxane 
together with 5 mg of lRu(CH,CN) J(Tos) 2 . The solution is poured onto a glass 
plate and a film about 30 urn thick is produced by means of a doctor blade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the clear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

p«ampte B12: Photocrosslinking 

0.5 g of the polymer according to Example A4 are dissolved in 5 ml of dioxane 
together with 5 mg of lRu<CH,CH,CN) J(Tos),. The solution is poured onto a glass 
plate and a film about 30 urn thick is produced by means of a doctor blade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the clear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

F*ampleB13 Photocrosslinking 

0.5 g of the polymer according to Example A5 are dissolved in 5 ml of dioxane 
together with 5 mg of lRu(C,H.) J(Tos),. The solution is poured onto a glass plate 
and a film about 30 urn thick is produced by means of a doctor blade Exposure is 
carried out for 3 minutes under a UV lamp, after which the clear, transparent films 
can no longer be dissolved, in particular neither in DMSO nor .n dioxan 

rumple B14: Photocrosslinking 

0.5 g of the polymer according to Example A5 are dissolved in 5 ml of d.oxan 
together with 5 mg of [Ru(CH s CN).](Tos) J . The solution is poured onto a glass 
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plate and a film about 30 urn thick is produced by m ans of a doctor blade. 
Exposure is carried out for 3 minutes under a UV lamp, after which the clear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 



dioxane. 



Pr ample B15: Photocrosslinking 

0.5 g of the polymer according to Example AS are dissolved in 5 ml of dioxane 
together with 5 mg of IRu^CH^NWdos),. The solution is poured onto a glass 
plate and a film about 30 urn thick is produced by means of a doctor Made. 
Exposure is carried out for 3 minutes under a OV lamp, after which the dear, 
transparent films can no longer be dissolved, in particular neither in DMSO nor in 
dioxane. 

p imple B16: Thermal crosslinking 

A film about 50 urn thick Is produced on a glass plate by means of a doctor blade 
from a 10% solution of the polymer according to Example A4 in dioxane together 
with 1% (based on the polymer) of RuCMp<umene)P(C,H„), and subsequent 
evaporation of the solvent at 80*0 The film is crosslinked by heating at 120'C for 
1h. After detaching it from the glass plate, a tear-resistant film is obtained which .s 
insoluble in both dioxane and DMF. 

Example B17: Thermal crosslinking 

A film about 50 urn thick is produced on a glass plate by means of a doctor blade 
from a 10% solution of the polymer according to Example A5 in dioxane together 
with 1% (based on the polymer) of RuCMp-cumeneJPfAH,,), and subsequent 
evaporation of the solvent at 80'C. The film is crosslinked by heating at 120«C for 
1h. After detaching it from the glass plate, a tear-resistant film is obtained wh.ch .s 
insoluble in both dioxane and DMF. 

Py ample B18: Thermal crosslinking 

A layer 500 urn thick of a 10% solution of the polym r according to Exampl A1 
and 1% of [(C,H, 1 ),P] J Ru(CH s OH) 1 (Tos), in toluene is applied to an iron panel. 
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Foltowing the evaporation of the toluene, the polymer is crosslink* at 80'C for 
1h. The resulting film is insoluble in CH 2 CI 2 . 

gyam pte B19: Thermal crosslinking 

A layer 500 nm thick of a 10% solution of the polymer according to Example A1 
and 1% of [(C^fePlRuCI, in toluene is applied to an iron panel. Following the 
evaporation of the toluene, the polymer is crosslink* at 80*C for ih. The resulting 

film is insoluble in CH 2 CI 2 . 
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PATENT CLAIMS: 

1 A composition comprising (a) catalytic amounts of a one-component catalyst for 
metathesis polymerization and (b) at least one polymer with strained 
cydoalkenylene radicals bonded in the polymer backbone, alone or mixed with 
strained cycloolefins. 

2 A composition according to claim 1. wherein the polymers are those with 
recurring strdctara! units-of the formula (a) in the polymer backbone 

I" I" 
-C— C- 
\ / 
A 



in which 

R,, and R„ independently of one another are H or C-Calkyl. or R„, and R* 
together are a bond, and A. together with the OC group, forms an unsubsttuted 
or substituted strained cycloolefin ring. 

3. A composition according to claim 2. wherein the structural units of the formula 
(a) are bonded directly or via bridge groups. 

4. A composition according to claim 2. wherein R,, and R<* are H. 

5 A composition according to claim 2. wherein the substituents for the cycloolefin 
ring are C,-C*W or -alkoxy; C,-C 4 halo 3 lkyl or -alkoxy; halogen; -CN; -NH,; 
secondary amino having 2 to 18 C atoms; tertiary amino having 3 to 18 C atoms; 
-CW-OR* or -C^-NRcRc, in which R„ and R« independently of one another 
are H. C,-C„alkyl. phenyl or benzyl. 

6 A composition according to claim 2. wherein in formula (a) 

and Ro, together [lacuna] a bond, and A [lacuna] unsubstituted or substrtuted 
C-Calky. ne.unsubstrtuted or substituted C,-C,,heteroa.ky.ene. with a. :.eas ne 
heteroatom from the group consisting of O. S and N; unsubstituted or substrtuted 
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C s -C„cycloalkylene. unsubstituted or substituted C 4 -C ia heterocydoalkylene. with 
at least one heteroatom from the group consisting of O. S and N; unsubstituted or 
substituted Cj-Calkenylene; unsubstituted or substituted Cj-C 12 heteroalkenylene, 
with at least one heteroatom from the group consisting of O. S and N; 
unsubstituted or substituted C s -C„cycloalkenylene; or unsubstituted or substituted 
C 4 -C tl heterocycloalkenylene, with at least one heteroatom from the group 
consisting of O. S and N; or 

r 0( and Rsj independently of one another [lacunal H or C-Cealkyl and A pacunaj 
unsubstituted or substituted C^rcyctoalkenylene; unsubstituted or substituted 
C 4 -C 12 heterocydoalkenylene. with at least one heteroatom from the group 
consisting of O, S and N; or unsubstituted or substituted C 5 -C, 2 cyclnsilkdienylene; 
or 

Ro, [lacuna] a double bond together with a terminal C atom of the radical A; R02 
[lacuna] H or C,-C,alkyl; and A pacunaj unsubstituted or substituted C,- 
C 12 alkylene. unsubstituted or substituted C,-C ia heteroalkylene, with at least one 
heteroatom from the group consisting of O. S and N; unsubstituted or substituted 
C 3 -C 12 cydoalkylene; unsubstituted or substituted C 4 -C ia heterocycloalkylene with at 
least one heteroatom from the group consisting of O. S and N; unsubstituted or 
substituted C-Calkenylene; unsubstituted or substituted C,-C„heteroalkenylene 
with at least one heteroatom from the group consisting of O. S and N; 
unsubstituted or substituted C 5 -C ia cydoalkenylene; or unsubstituted or substituted 
C 4 -C„heterocydoalkenylene with at least one heteroatom from the group 
consisting of O. S and N; or 

Ro, and Ro, each [lacunal a double bond together with in each case a terminal C 
atom of the radical A, and A is unsubstituted or substituted C 3 -C 12 alkylene; 
unsubstituted or substituted C-Cheteroalkylene. with at least one heteroatom 
from the group consisting of O, S and N; unsubstituted or substituted C s - 
C 12 cycloalkylene; or unsubstituted or substituted C.-Cheterocydoalkylene. with at 
least one heteroatom from the group consisting of O. S and N; 
it being possible for phenylene. C.-Cacycloalkylene or C 4 -C B heterocycloalkylene to 
be fused onto th alkylen . heteroalkyl ne, cycloalkylene. heterocydoalkylene. 
alkenylene, heteroalkenylene. cyd alkenylene. heterocydoalkenylene, 
alkdienylene. heteroalkdienylene, cycloalkdienylene and heterocydoalkdienylene. 
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7 A composrtion according to claim 6. wherein Ro, and R« together are a bond, 
and A is unsubstituted or substituted C^alkylene. unsubstituted or substituted 
C^cloalkylene. unsubstituted or substituted C,-C.alkeny.ene or unsubstituted 
or substituted Cj-Crcydoalkenylene; or 

R,, and R„ independently of one another are H or C,-C<alkyl and A .s 
unsubstituted or substituted C-Crcycloalkenylene; or 
d is a double bond together with a terminal C atom of the radical A; R« is H or 
r \r. alkvl- and A is unsubstituted or substituted CrC-lksnylene, unsubstituted or 
lubsituted C 5 ^cyc.oalkytene. unsubstituted or substituted C-Calkenyienc or 
unsubstituted or substituted Cs-C^ycloalkenylene; or 

r 01 and R« each are a double bond together with in each case a term.nal C atom 
of the radical A and A is unsubstituted or substituted C-C.alkylene or 
unsubstituted or substituted Cj-CTcydoalkylene. 

8. A composition according to claim 1 . wherein the polymers are homo- or 

copolymers. 

9 A compose according to daim 2. wherein the polymer contains the structural 
e.ements of the formula (a) to the extent of at least 5 mo. %. based on the 

polymer. 

10 A composition according to claim 9. wherein the polymer contains the 
structural elements of the formula (a) to the extent of 5 to 100 mol %. 

1, A composition according to claim 1. wherein the polymers are chosen from the 
homo- and copolymer, of Bnear polyepoxides. '^^^^^TT 
amides, polyurelhanes and polyureas in which the divalent di.pox.de. M»q » 
Z or dilate radicals, or in which the divalent die, or diamine rad,c*». or 
ooth of Ihese radicals, contain strained cycfc.le.in - -* " ** ~ 

of the copolymers of these divalent radicals, contain different diepox*. 
dicarboxylic acid or diisocyanate. diol or diamine radicals. 

12 Acompositionacco«.ingloclaim11.wh«reinth polyepoxides contain 
Ining structural element chosen from the group of stnKtura. elemems of me 
formulae (b). (c), (d) and (e) 
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[-CH 2 -CH(OH)-CH J -O-R 0S -O-CH r CH(OH)-CH,-O- (b). 

-R.-0- ^« 
[-CH J -CH(0H)-CH 2 -O-R 0 rO-CH I -CH(0H)-CH 2 -0- (d). 

-R.-0- (6) 

with the proviso that they contain at least structural elements of the formulae [sic] 
(b ) or (c) or both, in which Ros and Rob independently of one another are a divalent 
radical of a strained cydoolefin or a divalent radical with a strained cycloolefin R* 
is a divalent radical of a diglycidyl ether reduced by the glycidyloxy groups and R, 
is a divalent radical of a diol reduced by the hydroxyl group. 

13 A composition according to daim 12. wherein Ros and R« independently of 
one another are mono- or diolefinically unsaturated C-Ccydoalkylene or fused 
polycydic CrC«cycloaikylene. 

14 A composition according to claim 12. wherein R« and R„ independently of 
one another are a norbomene radical of the formulae (nr,) or (nr 2 ) 



J^/ (nr,) <kf 



15 A composition according to daim 12. wherein Ro, and Ro. are C-C.alky.ene, 
po.yoxaalky.ene having 2 to 50 oxaa.ky.ene units and 2 to 6 C atoms in the 
oxyalkylene. C-Ccydoalkylene. C s -C 8 cyctoa.kylene-CH 2 -. -CHHCr 
Ccycloa.kylen )-CH 2 -. C-C.ary.ene. bisphenylene. benzylene. xy.y.ene or - 
cSUrC*-. wh re X* is O. S. SO. SO, CO. CO, NH. N(C-Ca.ky.). 
alkylidene having 1 to 18 C atoms, or c s -C 7 cydoalkyl.dene. 

1 6 A composition according to claim 1 1 . wherein the po.yesters contain identic*, 
or different structura, elements chosen from the group of structura. e.em nts of the 
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formulae (f). (g). <") and (i). where at least the structural elements of the formulae 
[sic] (0 or (g) or both must be present 

-C(0)-Ro,-C<0)- W. 
-O-FU-O- (9> " 



-C(0)-Ro„-C(0)- 
-ORo, 2 -0- 

in which R„ and independently of one another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cydoolefin, Ro„ is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and R™ is a 
divalent radical of a diol reduced by the hydroxyl group. 

1 7 A composition according to claim 16. wherein and Ro,o independently of 
one another are mono- or diolefinically unsaturated C s -C,cydoalkylene or fused 
potycyclic CrC„cycloalkylene. 

18. A composition according to daim 16. wherein R* and R™ independently of 
one another are a norbomene radical of the formulae (nr,) or (nr 2 ) 



CH,- 

(nr,) < nr '>- 

CH,. 



19 A composition according to daim 16. wherein Ro„ is Cj-Calkylene or 
-alkenylene. C,-C 1t cycloalkyl ne or -cycloalkenylene. C-Ccydoalkylene-CH,, 
-CHHCrCwd alkyl ne)-CH,-. C.-C, 9 arylene, bisphenylene. benzylene. xylylene 
or -C 6 H 4 -X„,-C»H 4 , wh re X,, is O. S. SO. SO, CO. CO, NH. N(C,-C 4 a.kyl). 
alkyliden having 1 to 18 C atoms, or C-Cjcycloalkylidene. 
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20 A composrtion according to claim 16, wherein R^is C 2 -C, 8 alkytene. 
polyoxaalkylene having 2 to 50 oxaalkylene units and 2 to 6 C atoms in the 
oxyalkylene. C,-C 12 cydoalkylene. C 9 -C.cycloalkylene-CH r , -CH^-Ccydo- 
alkylene)-CH 2 -. C,-C, 4 arylene. bisphenylene. benzylene, xylylene. -C,H 4 -Xo,-C.H 4 -, 
where Xo, is O. S. SO. SO, CO, CO, NH. N<C,-C.a.k y l). alkylidene having 1 to 18 
C atoms, or Cs-Crcyctoalkylidene. 

21 A composition according to claim 11. wherein the polyamides contain identical 
or different structural elements chosen from the group of structural elements of the 
formulae 0). 00. 0) and (m). where at .east the structural elements of the formulae 
[sic] (j) ° r 00 or 0010 mu8t P resent 

-C(0)-Ro»-C(0)- a) * 

-NH-Ro M -NH- (k) ' 

-C(0)-Ro, 5 -C(0)- (0, 

-NH-Row-NH- {m) ' 

in which R„„ and Rom independently of one another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cycloolefin. R™ .s a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and R*. -s a 
divalent radical of a diamine reduced by the amino groups. 

22 A composition according to claim 21 . wherein R,,, and R 0 „ independently of 
one another are mono- or diolefinically unsaturated C,-C,cycloa.ky.ene or fused 
polycyclic CrCecycloalkylene. 

23 A compositi n according to daim 21, wherein R,, 3 and R,„ independently of 
one another are a norbomen radical of th formulae <nr.) or (nr 2 ) 




(nr,) 

CM. 




(nr 2 ). 
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24 A composition according to d«m 21 . wherein R„„ « C,*,.alkylene or 
-xylene. c^doalKyleneor^doaikonyl^.. ™T 
wk-C^reloa.^eneKH,, C-Carrfene. bi.ph«n»len.. benzy«n.^ylyl.n8 
It r^X^., where X. is O. S. SO. SO,. CO. CO,. NH. HC-CaKy!) or 
alkylidene having 1 to 18 C atoms, or C^cydoalkyMene. 

25 A eompc^nac C ortir«todai m 21.v^inR,„is<^,.alkylene. 

C^ctealKylen.. C.^cydoalkyien^CHr. CH ^'«^ l f 
C-C^iene. bisphenyfcne. beniyfcn.. xy.yten.or wr^ 
O s , SO. SOl . CO. CO,. NH. WC-Ca IK*), or allcyllden. hav,ng 1 to 1 8 C atoms, 
or C 5 -C7cycloalkylidene. 

26 A composition according to daim 1 1 . wherein the polyurethanes and polyureas 
contain identical or different structural elements chosen from the group of 
structural elements of the formulae (n). (o). (p) and (q). where at least the 
structural elements of the formulae t sic] (n) or (o) or both must be present 

^(0)-NH-Ro,rNH-C<0)- (n) ' 
^(0)-NH-Ro„-NH-C(0)- (P) ' 

i„ which R017 and Rois independently o, on. another are , ' 
strained cydoolefin or a divaient radical with a strained cydoo"efin. R£S • 
divalent radical of a diisocyanate reduced by the cyanate groups and - a 

Lea, .. a dfcmine or ., a dio, reduced by the amino or hydroxy, groups, 
and th X„ independently of one another ate -O- or -NH-. 

27 A composition according to claim 26. wherein R.,, and R.,. are mono- or 
dioteSnically unsaturated C s -C.cycloalkylene or (used polycydrc 
C,-C„cycloalkylene. 
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26 A comp^i-on acceding to ciaim 27. wherein R.„ -* R. W*«W» of 
one 2£v cydopentenyfcne. cydc*ec<.ny*n.. cydoodenyfcne - 
norbomene radicals of the formulae (nr.) or (nr.) 



JY (nr,, ^Y'"" 



(nr,J. 



29 A compost according to claim 26, wherein is 

29 , p« ^, do aikvlene or -cydoalkenylene. C r C.cycloalkylene-CrV. 
rr^C^^-V-. bfcphenylene. 

having 1.0 18 C atcma. or C,<*^KY>H«ne. 

30 A composition according to daim 26. wherein R» is ^'^"V 

7T!L H arylene bisphenylene. benzylene. xylylene. ^.-X,,-C^.- 

oTs^O, CO. CO,. NH. N.C-C.alKy,, or *Ky»dene having , ,. 
18 C atoms, or C 9 -C7cyctoalkylidene. 

„ .„ . ., therein the polymers are those having a 
31 . A composition according to claim 1 . wnerein ine ^ y 

carbon backbone. 

,2 AoomposKion according to daim 31. wherein the polymers are esse**, or 
linear metathesrs polymers o, .used a. leas, bicyd* cydoaHphafc 
dien es which contain two cMHo double bonds in different nngs. 

. wherein the polymers contain recurring 

33. A composition according to claim 31 . wnerein me y , 

structural elem nts of the formula (r) 

=CH-R«i-CH= W ' 
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k p „ c -C -alkvlene onto which a cycloalkenylene having a total of 5 to 

atoms. 

^noJLene w«n — - — - <* *" tom,Ula " 

-HC^^^CH* (f). 

=«:— ^3 — CH= 



c ^in a copper v*h these two recurfn, *«U* 

formula (O 

Q 



* ^Tld * «~ =°. « ^ -COO* ^ 
C„1^ .a-a-M. C-C^ocdoe.M. C^J— * 
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C.-C.heteroaraM or R.-X-; or ^ ^ C atoms a,e 

by -CO-OCO- or -CO-NRs-CO-; or in W»ch. 
adjacent carton atoms, an alicyrfc. aroma«c or hetemaromaK nr, « 
.used on which is unsubstKuted or is subrttuted by 
RAWHOt* -COOM. -SO,*!. -PO.M. -COWM. ■» flM- 
-PO,<M,),„. (VCalkyl. ft-C^haloalkyl, C,-C»hydroxya»,l. 

C-CJ»terocycloalkyl.i-j-^n""»"~-> •• ' 

Xand xjndepen*nllyotor»anotn.rara^.*.^0-.^0--f*r. 

-O-OPh -C(OH>. -CfOVNR.. -NR,^(OK -SOrO or -0^0,, 
r Rl arx.R^Wepend.n.iyofoneano.herar.C.-C^M.C.-C^uoro. 

C,-C«alk«cy or C 3 -C,cydoalkyl; 
p., R, and R. independently of one another are ft*** ft*s-*~ 

afcyl. phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; and 

L a^Led «ith 0, possibly conning turmer non-aroma«c doub* 

0, X'rooen. CAM C.-C^aloalkyl. CCaKoxy. halooen. -CN. 

R „ " cXalkyl. C.-C^ydroxyaikyt. WHM 

C tt -C«aryl or C r C„aralkyl; 

X 2 is -C(0)-0- or -C(0)-NR„-. 

p j 8 hydrogen. C,-C (I alkyl. phenyl or benzyl; 

£ abovenlon d cyctoafcy, heterocydoalk,. aryt. heteroa.1 . «*, and 

h»i»,oaralkvl groups being unsubstButed or subsumed by C,-C„alkyi. 

C c aC No! -CN or hatogen. and the heteroatom, o. the abovem^oned 

he^alkyl. heteroaryl and heteroarafcyl groups being sefccted trom the 

group -O-. -S-. -NR«- and -N=; and 

R, being hydrogen. CCalkyl. phenyl or benzyl. 
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36. A composition according to dairo 35. wherein Q, is H. 

37 A composition according to claim 31 . wherein the corners with a carbon 
bacLe an, copiers of strained cycto.ie.ns w*h fused at ieast brcydrc 

SI contain a. ..as, two o,e«nic doub* bonds ,n dfleren, 
rings, and ethylenically unsaturated comonomers. 

38 A composition according to daim 37. serein the powers contain recurring 
structural elements of the formula (r) and of the formula (s, 

M 

=CH-R<b.-CH= 



■fa fa (s). 



rCTcrC^ne. onto wh*h an a,Ken»,ene ft*, 2 ,. 6 C atom, Is bonded 
Z» or via a fusea^on cydoalKylen. ring having 5 to 8 C atoms; R. . H. F C, 

H F. C. CN or <VC* Rw. is K F. a. CN. OH. Cr<* C,-C *»<ox». 
phenyl which i, unsubsttufcd or substitute by OH. CI. Br. C,-C.alky.. C, 

'early, -cooh. cm**** *e°H* 

or -SOrC-C* -WflOH. -qOO-C^uhydroxyalkyl. .C(0)OC,-C^kyl. 

-C(P)-NH, or .C(0)-NH.C,-C„alkyl: and Row is H. F or 

C-dalkyl 

39. A compost accord to Cairn 38. wherein H..HF. 6-C* COOH 
or -C(0)-C,-C 8 alkyl. 

40. A composition according to claim 38. wherein R, n is H. F. C or C,C,alkyl. 

41 A composition according to claim 38. wherein R w is H. F. CI. CN OH. 
ti^C^y. phenyl which is unsubstituted or substituted by OH. C. 



- 121 - 



Br C -C alkyl C-C,alkoxy. -COOH. ^(0)OC,-Cualkyl. -C(0)-NH 2 . 
C(0).Nr^C,^.alkyl.-SO,Hor.SO J -C t ^aiicyi.-^ . x 
j(0,-NH, -CCO^-Chydroxyalky. or -C(0).NH^-C 4 a.ky.. 

42. A composition according to claim 38. wherein R,,, is H or F. 

43 A composition according to claim 37 . wherein the structura, 

fcrmula <r)l chosen from the of the formuia (O and (O 



and 
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44 Acompo^acco rt in 9 .oc aim 31.^e».mepo 1 »m«w*acarboo 
EL tond * ft. ^ un^ed «~ -^T- 

9~e cydoa^ne radica,. h*, 6 * 14 C atom, 

45. A con.po.Wn acting * Cairn 44. wherein 5 ,o 80% * .he dov*. bend, 
are reacted. 

rAinn to claim 44 wherein the metathesis polymers contain 
46 A composition according to claim wne 

recurring structural elements of the formula (t) 

— CH-CH- (t). 
A, 

in which A, is mono- or bicydic C 4 -C,cycloa.keny.ene. 
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47 Acompositk»n«e«dln 9 ..*im46.«^l<»«^'eten«nt«fthe 
foimiila (I) is nortx>m-1.2-enyl«i» of die formula 



(nr,). 



48. A compost a^rdina to da«n 44, wherein the metathesis polymer cor.ta.ns 
recurring structural units of the formula (u) 

— CH-CH-Rom- (u) 
A, 

and recurring structural elements of the formula (w) 

(w), 

-CH=CH-Ro»- 

in which A„ together with the -CH-CH- group, is bicydic Cj-CaCydoalkenylene 
andR«,isC,-C„alkylene. 

and. if desired, recurring structural elements of the formula (s) 

. u = m f c -C Jlkvl -COOH. -0<O)O-C,-C,^kyl. -C(0)-NH, or -C(0>- 
in which Ro>»H.F.C,-C,,aKyi. . „ u c r-i rw OH C- 

m4W* R«n is H. F. CI. CN or C,C,^».: R. » * «• «. ft 
c ^1 C -Calkoxy. phenyl which is unsubstKuted or «MMed by OH. CI. Br. 
C C^M C.^» "COOH. C<0,OCC„a.M. -C^NH,. -C^C, 
C ,^Wor.SO,^M. -COOH. WWr*^ 
W.-ftU.. -C.O-NH, or <*»mC<C*** - is H. F or 

C,-C,jalkyl. 
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49 A composition according to claim 31 . wherein the polymers with a carbon 
backbone are homo- and copolymers of 1,3-dienes and. if desired, olefimcally 
unsaturated monomers, of which the olefinic double bonds in the polymer 
backbone are reacted partly or completely with open-chain or cyclic 1 . 3-d.enes 
having 4 to 12 C atoms in a Diels-Alder reaction to give cycloalkenylene rad.cals 
having 6 to 14 C atoms. 

composition according to claim 49. wherein 5 to 80% of the double bonds 



50 . A 



are reacted. 



51. A composition according to claim 49. wherein the 1.3-dienes are chosen from 
the group consisting of 1 .3-butadiene. isoprene and chloroprene. 

52. A composition according to claim 49. wherein the polymers contain recurring 
structural elements of the formula (t) 

-CH-CH- {t ). 
A, 



in 



which A, is mono- or bicydic C,-C,cydoalkenylene. 



53 A composition according to daim 52. wherein the strudural element of the 
formula (t) corresponds to norbomen-1 .2-enylene of the formula (nr,) 



(nr 3 ). 



54. A composition according to claim 49. wherein the polymer contains recurring 
structural units of the formula (y) 

R 0J7 

-h 2 c-ch^c— ch,- (y) 

A, 
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and recurring structural elements of the formula (z) 

-CH 2 -CH=CR«rCH 2 - (z)l 

in which A,, together with the -CH-CR^ group, is bicydic C 5 -C e cycloalkenylene 
andRwisH.aorC-C^kyl. 

and. if desired, recurring structural elements of the formula (s) 



r~ ( S ) 
— C — C— w " 
i i 

R«2 "oM 

in which R. is H, F, C-CaHcyl. -COOH. ^(0)0-C,-C ia a.kyL 
NH-C-Calky.; R. b H. F. CI. CN or C-C^kyl; R™ is H. F. CV CM. OH. C,_ 
C 12 a.kyl. C-C^alkoxy. phenyl which is unsubstituted or substrtuted by OH CI. Br. 
C-C.a.kyl, C,-C 4 alkoxy. -COOH. CfOJOC-C^lkyl. -C(0)-NH,. -C(0)-NH-C,- 
Calky. -SO,H or -SC-C-Calkyl. -C(0)OH. -C(0)0-C^„hydroxyalkyl. 
-CfOJO-C-C^alkyl. -C(0)-NH, or-C(0)-NH-C,-C 12 all<yl; and R„ 5 is H. F or 
C,-C 12 alkyl- 

55. A composition according to daim 1. wherein the comonomeric strained 
cycloolefins correspond to the formula I 

c m ; cq. 



in which 



is a radical having at least one carbon atom which, together with the 

. . i -I:-.. rinn uuhir.h r 



Q, is a raaicaiiwii ■»«"•«- 

-CH-CQ,- group, forms an at least 3-membered alicydK nng wh.ch may 
contain one or more heteroatoms chosen from the group consists f 

silicon, phosporus. oxygen, nitrogen or sulfur, and which is unsubstituted 
or substituted by halogen. =0. -CN. -NO, R.R^SKO),, -COOM. 
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-SO,M, -PO,M. -COCKM,),* -SO s (M,)„. -PO,(M,), a . C,-C„alkyl. 
C-CwhydroxyalkylC-Cjohaloalkyl. C,-C 6 cyanoalkyl. C-Cecydoalkyl. 
C,-C,»aryl, CrC M aralkyl. CyCsheterocycloalkyl, C 3 -C, B heteroaryl. 
C 4 -C 16 heteroaralkyl or R«-X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NR$-CO-; or in which an alicyclic, 
aromatic or heteroaromatic ring which is unsubstituted or substituted by 
halogen. -CN. -NO,. R.R T R«Si-(0) u -. -COOM. -SO,M. -P0 3 M. 
-CO0(M,), a . -SO,(M,),«. -P0 3 (M,), a . C.-C^alkyl. C-C^haloalkyl. C,- 
C J phydroxyalkyl.C 1 -C,cyanoalkyl. C,-C,cycloalkyl. C,-C„aryl, Cr 
Caralkyl. Cj^heterocycloalkyl. C-C^teroaryl. C 4 -C„heteroaralkyl or 
R„-X,- may be fused onto adjacent carbon atoms of the alicyclic ring; 

X and X, independently of one another are-O-. -S-. -CO. -SO-, -SO r . -0-C(0)-. 
-C(0)-O-, -C(0)-NR 5 -. -NR, 0 -C(O)-, -S0 2 -0- or -O-SO,-; 

R„ R, and R 3 independently of one another are C,-C,jalkyl, C,- 
Cperfluoroalkyl. phenyl or benzyl; 

R, and R« independently are ^-Cjoalkyl. C,-C„haloalltyl. 

C-Cwhydroxyalkyl. C,-C,cycloalkyl. C,-C„aryl, CrC„aralkyl; 

R 9 and R10 independently of one another are hydrogen. C,-C„alkyl. phenyl or 
benzyl, where the alkyl groups in their turn are unsubstituted or 
substituted by C,-C t2 alkoxy or C 3 -C 8 cycloalkyl; 

R,. R 7 and R, independently of one another are C,-C,jalkyl. C,- 
Cperfluoroalkyl. phenyl or benzyl; 

M is an alkali metal and M, is an alkaline earth metal; and 

u isOorl; 

where the alicyclic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q, is hydrogen. C-Coalkyl. C.-C^aloalkyl. C-Calkoxy. halogen. -CN. R„- 
X,-: 

R„ is C,-C„alkyl. C,-C„haloalkyl. C-Cwhydroxyalkyl. C 3 -C,cycloalkyl. 

C,-C„aryl or C 7 -C,,aralkyl; 
X, is-C(0)-0-or-C(0)-NR,j-; 
R„ is hydrog n. C,-C 12 alkyl, phenyl or benzyl; 

where the abovementioned cycloalkyl. heterocycloalkyl. aryl. heteroaryl. aralkyl 
and heteroaralkyl groups are unsubstituted or substituted by C,-C„alkyl. 
C, C u alkoxy. -N0 2 . -CN or halogen and where the heteroatoms of the 
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abovementioned heterocycloalkyl. heteroaryl and heteroaralkyl groups are chosen 
from the group consisting of -O-. -S-. -NR,- and -N=; and 
R, is hydrogen. C,-C„alkyl, phenyl or benzyl. 

56. A composition according to claim 1. which comprises comonomeric 
polyfunctional strained cycloolefins which are those of the formula (fl) 

m ... m 

\ • It% w 

in which T is the radical of a strained cycloolefin, U is a direct bond or an n-valent 
bridge group and n is an integer from 2 to 8. 

57. A composition according to daim 56. wherein the radicals T correspond to 
cycloolefin radicals of the formula (f2) 



(f2) 



in which . 

q is a radical having at least one carbon atom which, together with the 

-CH=CQ,- group, forms an at least 3-membered alicyclic ring which may 
contain one or more heteroatoms chosen from the group consisting of 
silicon, phosporus. oxygen, nitrogen or sulfur; and which is unsubstituted 
or substituted by halogen. =0. -CN, -NO,. R,R,R 3 Si-(0) u -. -COOM. 
-SOjM. -P0 3 M. -COO(M,)«. -S0 9 (M,),„. -PO^M,),* C-CjoalkyI, 
C-Cohydroxyalkyl C-C^haloalkyl. C,-C 8 cyanoalkyl, C-C.cycloalkyl. 
C 8 -C, 8 aryl. C r C„aralkyl. C 3 -C 8 heterocycloalkyl. C 3 -C 19 heteroaryl. 
C 4 -C 18 heteroaralkyl or R«-X-; or in which two adjacent C atoms are 
substituted by -CO-O-CO- or -CO-NR 5 -CO-; or in which an alicyclic, 
aromatic or heteroaromatic ring which is unsubstituted or substituted by 
halogen. -CN, -NO,. R.R 7 R,Si-<0) u -. -COOM, -SO s M. -P0 3 M. 
-COO(M,),a. -S0 3 (M,),a. -P0 3 (M t ), a . C-C^alkyl.C-C^haloalkyl. C,- 
CMhydroxyalkyl.C^eCyanoalkyl. C 3 -C 8 cycloalkyl. C 8 -C, 6 aryl. C r 
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C, 6 aralkyl. C-Csheterocydoalkyl, C 3 -C, 6 heteroaryl. C 4 -C„heteroaralkyl or 

R, 3 -X,- may be fused onto adjacent carbon atoms of the alicydic ring; 
X and X, independently of one another are-O-. -S-. -CO-, -SO-. -SO,-, -O-C(O)-. 

-C(0)-0-. -C(0)-NRa-. -NR, 0 -C(O)-. -S0 2 -0- or-0-S0 2 -; 
R„ R 2 and R 3 independently of one another are CrC^lkyl, C,- 

C 12 perfluoroallcyl, phenyl or benzyl; 
R« and R, 3 independently are C r Cjoalkyl. C,-C„haloalkyl. 

C-Cjohydroxyalkyl. C-Cacydoalkyl. C 9 -C 16 aryl. Cr-C, 8 aralkyl; 
R 5 and R, 0 independently of one another are hydrogen, C-C^lkyl. phenyl or 

benzyl, where the alkyl groups in their turn are unsubstituted or 

substituted by C,-C 12 alkoxy or C 3 -C,cydoalkyl; 
Re, R 7 and Ra independently of one another are C,-C 12 alkyl, C,- 

C, 2 perfluoroalkyl. phenyl or benzyl; 
M is an alkali metal and M, is an alkaline earth metal; and 
u isOorl; 

where the alicydic ring formed with Q, may contain further non-aromatic double 
bonds; 

Q 2 is hydrogen. C-C^alkyl. C-C^haloalkyl. C,-C„alkoxy. halogen, -CN, R„- 
x 2 -; 

R t1 is C^Malkyl. C-Cohaloalkyl. C-C^ydroxyalkyl. Cj-Cscydoalkyl. 

C 6 -C,»aryl or CrC„aralkyl; 
X 2 is -C(0)-0- or -C(0)-NR, 2 -; 
r, 2 is hydrogen. C,-C 12 alkyl. phenyl or benzyl; 

where the abovementioned cydoalkyl. heterocydoalkyl. aryl, heteroaryl. aralkyl 
and heteroaralkyl groups are unsubstituted or substituted by C,-C, 2 alkyl. 
C, C 12 alkoxy. -NO a , -CN or halogen and where the heteroatoms of the 
aboJementioned heterocydoalkyl. heteroaryl and heteroaralkyl groups are chosen 
from the group consisting of -0-. -S-. -NR,- and -N=; and 
R, is hydrogen, C,-C, 2 alkyl. phenyl or benzyl. 

58. A composition according to daim 56. wherein U is 
(a) a divalent bridge group of th formula (f5) 

-Xj-RoM-Xfl- 



-128- 



in which 

X, and X, independently of one another are a direct bond. -O-. -CH 2 -0. -C{0)0-. 
-0(0)C-. -CrVO(0)C-. -C(0)-NrW. -Ro»N-(0)C-. -NH-C(0)-NrW. 
-0-C(0)-NH-. -CH,-0-C(0)-NH- or-NH-C(0)-0-. and 

is C-Calkytene. C 5 -C.cyctoalkylene which is unsubstituted or substituted by 
C,-C 4 alkyl or C-C.alkoxy. C.-C„arylene or CrCaralkylene which are 
unsubstituted or substituted by C-Calkyl or C,-C 4 alkoxy, or polyoxaalkylene 
having 2 to 12 oxaalkylene units and 2 to 6 C atoms in the aikyiene. and 
R^isHorCrCBalkylior 
(b) a trivalent bridge group of the formula (f6) 

r 



in which 

X, X, and X 7 are -O-. -CH,-0-. -C(0)0-. -0(0)C, -0^-0(0)0-. -C(0)-NFW. 
-R«N-<0)C, -NH-C^NRc,,.. -O-C(0)-NH-. -CH,-C>C(0)-NH- or .NH-C<OK>-. 

and * 
R^, is a trivalent aliphatic hydrocarbon radical having 3 to 20 C atoms, a tnvalerrt 
cycloaliphatic radical which has 3 to 8 C atoms and is unsubstituted or substituted 
by C,-C 4 alkyl or C,-C 4 alkoxy, or a trivalent aromatic radical having 6 to 18 C 
atoms which is unsubstituted or substituted by C,-C 4 alkyl or C-C.alkoxy. a 
trivalent araliphatic radical having 7 to 19 C atoms, which is unsubstituted or 
substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or a trivalent heteroaromatic rad.cal 
having 3 to 13 C atoms and 1 to 3 heteroatoms from the group consisting of -0-. 
-N- and -S-. which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. 
andRwiisHorCrCaalkyl: or 
(c) a tetravalent bridge group of the formula (f7) 



J* - w> 

"X-S ^032*7 
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in which 

X,. X,, X 7 and X, are -C(0)Ch -CH,-0(0)C- or -C^NR*,-, and 

is a tetravalent aliphatic hydrocarbon radical having 4 to 20 C atoms, a 
tetravalent cycloaliphatic radical having 4 to 8 ring C atoms, which is unsubstituted 
or substituted by C,-C 4 alkyl or C,-C,alkoxy. or a tetravalent aromatic radical 
having 6 to 18 C atoms, which is unsubstituted or substituted by C,-C,alkyl or 
C,-C 4 alkoxy. a tetravalent araliphatic radical having 7 to 19 C atoms, which is 
unsubstituted or substituted by C^alkyl or C,-C 4 alkoxy. or a tetravaieni 
heteroaromatic radical having 3 to 13 C atoms and 1 to three heteroatoms from 
the group consisting of -0-. -N- and -S-. which is unsubstituted or substituted by 
C,-C 4 alkyl or C,-C 4 alkoxy. and 
Ron is H or C,-C,alkyl. 

59. A composition according to daim 1. which comprises polymers and. if desired, 
monomers which are built up only from carbon and hydrogen. 

60 A composition according to claim 1. which comprises the one-component 
catalyst in an amount of 0.001 to 20 mol %. based on the amount of the monomer. 

61 A composition according to claim 60. which comprises the one-component 
catalyst in an amount of 0.01 to 10 mol %. based on the amount of the monomer. 

62. A composition according to claim 1 . which comprises, as the one-component 
catalyst, 

(a) a ruthenium compound or osmium compound which possesses at least one 
photolabile ligand attached to the ruthenium atom or osmium atom, and the rest of 
whose coordination sites are occupied by non-photolabile ligands; or 

(b) a molybdenumfVI) compound or tungsten(VI) compound which has at least 
two methyl groups or two monosubstituted methyl groups attached to the metal, 
the substituent containing no hydrogen atom in the a position; or 

(c) a titanium(IV). niobium(V). tantalum(V). molybdenum(VI) or tungst n(VI) 
compound in which a silylmethyl group and at least one halogen ar attached to 
the metal; or 
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(d) a niobium(V) compound or tantalum(V) compound which has at least two 
methyl groups or two monosubstituted methyl groups attached to the metal, the 
substituent containing no hydrogen atom in the o position; or 

(e) a titanium(IV) compound which has at least two methyl groups or two 
monosubstituted methyl groups attached to the metal, the substituent containing 
no hydrogen atom in the a position; or 

(0 a ruthenium compound or osmium compound which have [sic] at least one 
phosphine group, at least one photolabile ligand and. if desired, neutral ligands 
attached to the metal atom, a total of from 2 to 5 ligands being-attached, and 
contains the acid anions for charge compensation; or 

(g) a divalently cationic ruthenium compound or osmium compound having a metal 
atom to which 1 to 3 tertiary phosphine ligands with, in the case of the ruthenium 
compound, sterically bulky substituents, if desired, non-photolabile neutral ligands. 
and anions for charge compensation are attached, with the proviso that in 
ruthenium(trisphenylphosphine) dihalides or hydride halides the phenyl groups are 
substituted by C,-da*yl. C-Chaloalkyl or C,-C ia alkoxy. 

63. A composition according to claim 62. wherein the photolabile ligands are 
nitrogen (NJ, monocyclic, polycyclic or fused arenes having 6 to 24 C atoms, 
which are unsubstituted or substituted by OH, C,-C 4 alkyl. C,-C 4 alkoxy. CVCaryl 
or halogen, or monocyclic heteroarenes. fused heteroarenes or fused arene- 
heteroarenes having 3 to 22 C atoms and 1 to 3 heteroatoms chosen from the 
group consisting of O, S and N. which are unsubstituted or substituted by 
C,-C 4 -alkyl, C,-C«alkoxy or halogen; or aliphatic, cycloaliphatic. aromatic or 
araliphatic nitrites having 1 to 22 C atoms, which are unsubstituted or substituted 
by C,-C«alkyl, C,-C 4 alkoxy or halogen. 

64. A composition according to claim 62. wherein the non-photolabile ligands are 
H,0. HjS. NH 3 ; halogenated or unhalogenated. aliphatic or cycloaliphatic alcohols 
or mercaptans having 1 to 18 C atoms, aromatic alcohols or thiols having 6 to 18 
C atoms, and araliphatic alcohols or thiols having 7 to 18 C atoms; aliphatic, 
cycloaliphatic. araliphatic or aromatic ethers, thioethers. sulfoxides, sulfones. 
keton s. aid hydes. carboxylic acid esters, lactones, optionally N-C,-C 4 mono- or 
-dialkylated carboxylic acid amides having 2 to 20 C at ms and ptionally 
N-C,-C.alkylat d lactams; aliphatic, cycloaliphatic. araliphatic or aromatic, primary. 
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secondary and tertiary amines having 1 to 20 C atoms; and unsubstituted or 
substituted cydopentadienyls. 

65. A composition according to daim 62. wherein the ruthenium or osmium 
compound corresponds to the formula IX 

KMe-Jd^'UL^La^yu^U'WW^/ 7 ), (»X) 

in which 

Me is ruthenium or osmium; 
n is 0,1, 2, 3, 4. 5. 6. 7 or 8; 

L, is a photolabile ligand; 

U L 3 . U. U and U independently of one another are a non-photolabile or a 

photolabile ligand; 
m is 1,2, 3.4, 5 or 6; 

o, p, q, r and s independently of one another are 0, 1, 2, 3, 4 or 5; 
z„ z* Zj. Za. z* Za and z 7 independently of one another are -4. -3, -2. -1. 0. +1 or 
+2; and 

L 7 is a non-coordinating cation or anion; 

where the sum ofm + o + p + q + r + sisan integer from 2 to 6 and t is the 
quotient of (n + m . z, ♦ o . z, ♦ p .z, ♦ q . z« + r . z» + s . z,)/z r . 

66. A composition according to daim 62. wherein the methyl groups or 
monosubstituted methyl groups are those of the formula XI 

-CH,-R (XI)> 

in which R is H. -CF,. -SiRj.Rs.R*. -CR 4 ,R„Ro. or C 9 -C„aryl or C 4 -C l5 heteroaryl 

having 1 to 3 heteroatoms from the group consisting of O. S and N. which are 

unsubstituted or substituted by C^ealkyl or C,-C 8 alkoxy; 

R M . R» and R,, independ ntly of on another are C,-C ia alkyl ( C s - or Ccycloalkyl. 

or ar unsubstituted or C,-C,alkyl- or C,-C,alkoxy-substituted phenyl or benzyl; 

and 

R 41 . R* 2 and R*, ind pendently of on another are C,-C 10 alkyl which is 
unsubstituted or substituted by C,-C 10 alkoxy. or R 4 , and R« have this meaning and 
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Ro is C 6 -C 10 aryl or C«-C,heteroaryl which is unsubstituted or substituted by C,- 
Csalkyl or C,-C 9 alkoxy. 

67. Compound according to claim 62, wherein the molybdenum or tungsten 
compound is that of one of the formulae XII to Xllc 

R 5* y R » 



\/ 



R S6 R45 



y\ i\ 

R » R» R » R » 



/I i\ 



^55 n M 



R„ R 54 R 55 



R53 



/Vtlk 



Me — R M 



>Me Me— R* (X"a). 



Me =L / ' (X»b). 



Me=Me — R* (Xllc). 



in which 

MeisMo(VI)orW(VI); 

at least two of the radicals to R M are a radical -CH,-R of the formula 
according to claim 66; 

in each cas two of the other radicals of R M to R M are =0 or =N-R*. ant 
linear or branched C,-C,.alkyl which is unsubstituted r substituted by 
C,-C B alkoxy. C 5 - or C.cycloalkyl which is unsubstituted or substituted by 
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C,-C 6 alkyl, C,-C»alkoxy or halogen, phenyl which is unsubstrtuted or substituted by 
C,-C 9 alkyl. C,-C,alkoxy. C,-C 9 alkoxymethyl. C,-C 9 alkoxyethyl, di(C,-C 9 alkyl)amino. 
diCC-QalkylJamino-C-C^lkyl. or halogen, or benzyl or phenylethyl which are 
unsubstituted or substituted by C,-C,alkyl. C,-C,alkoxy. C,-C,alkoxymethyl. 
C,-C 9 alkoxyethyl or halogen; and/or 

the other radicals of Rj, to R M are secondary amino having 2 to 18 C atoms. 
R^O- or R^S-. halogen, cydopentadienyl or bridged biscyclopentadienyl or a 
neutral ligand. in which R* is linear or branched C,-C„alkyl which is unsubstituted 
or substituted by C,-C e a!koxy or halogen. C 5 - or C 9 eycloalkyl which is 
unsubstituted or substituted by C,-C.alkyl. C,-C,alkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-C»alkyl. C,-C,alkoxy. C,-C 9 alkoxymethyl. 
C-C^lkoxyethyl or halogen, or benzyl or phenylethyl which are unsubstituted or 
substituted by C,-C,alkyl. C,-C a alkoxy. C,-C.alkoxymethyl. C,-C 6 alkoxyethyl or 
halogen. 

68. A composition according to claim 62. wherein the *ilylmethyl group is that of 
the formula XIV 

-CH 2 -SiR M R»R«o (X,V) * 

in which 

R*. R» and R« independently of one another are C,-C„alkyl. C 5 - or C 9 cycloalkyl 
or phenyl or benzyl which are unsubstituted or substituted by C,-C,alkyl or 
C,-C,alkoxy. 

69. A composition according to claim 62. wherein the titanium, niobium, tantalum, 
molybdenum or tungsten compound is that of one of the formulae XV. XVa and 
XVb 

„ \^—R,„ <W>. 
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R 70 (Xva). 



R 70. y R » 

Ti &M>). 

/ \ 

R72 



in which 

Me, isMo(Vl)orW(VI); 
Me, is Nb(V)orTa(V); 

one of the radicals R« to R„ is a radical -CH I -SiR M R w R 40 of the formula XIV 
according to claim 68; 

at least one of the radicals R« to R74 is F, CI or Br; 

R M . R» and R* independently of one another are C,-C,alkyl, C»- or Ccycloalkyl. 
or phenyl or benzyl which are unsubstituted or substituted by C,-C 6 alkyl or 
C,-C 6 alkoxy; 

in formula XV two or in each case two. and in formula XVa two of the other 
radicals of R* to R M each together are =0 or =N-R««, and R« is linear or branched 
C,-C«alkyl which is unsubstituted or substituted by C,-Calkoxy. C- or 
Ccycloalkyl which is unsubstituted or substituted by C,-Calkyl. C,-Calkoxy or 
halogen, phenyl which is unsubstituted or substituted by C-Calkyl. C,-Calkoxy. 
C,-C,alkoxymethyl. C,-C,alkoxyethyl. di(C,-C,alkyl)amino. di(C, -C»alkyl)amino- 
C,-C,alkyl or halogen, or benzyl or phenylethyl which are unsubstituted or 
substituted by C,-C,alkyl. C,-C,alkoxy. C,-Calkoxymethyl. C,-C 6 alkoxyethyl. di(C- 
C,alkyl)amino. di(CrC,alkyl)amino-C,-C,alkyl or halogen, and 
the other radicals are secondary amino having 2 to 18 C atoms. R„0- or R 4C S-. 
halogen, unsubstituted or substituted cycloper.tadienyl or bridged 
biscyclopentadienyl or a neutral ligand. in which the R„ ind pendently of one 
another are linear or branched C-C.alkyl which is unsubstituted or substituted by 
C,-C,alkoxy r halogen. C s - or Ccycloalkyl which is unsubstituted or substituted 
by C,-C.alkyl. C,-C,alkoxy or halogen, phenyl which is unsubstituted or 
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substituted by C,-C«alkyl. C,-C,alkoxy. C,-C,alkoxymethyl. C,-C 8 alkoxyethyl. 
di(C,-C,-alkyl)amino. diCC-C-alkyDamino-C^alkyl or halogen, or benzyl or 
phenylethyl which are unsubstituted or substituted by C,-C.alkyl. C,-C,alkoxy. 
C-C.alkoxymethyl. C,-C,alkoxyethyl. di(C,-C.-alkyl)amir.o. di{C,.C.-alkyl)amino- 
C,-C 3 alkyl or halogen; or 

in the formulae XV. XVa and XVb. the other radicals independently of one another 
are secondary amino having 2 to 18 C atoms. R^O- or R. 4 S-. halogen, 
^substituted of substituted cyctopentadienyl or bridged biscydopentadienyl or a 

neutral iigarKi. ir^ 

branched C,-C„alkyl which is unsubstituted or substituted by C,-C,alkoxy or 
halogen. C 5 - or C,cycloalkyl which is unsubstituted or substituted by C,-C.alkyl. 
C,-C,alkoxy or halogen, phenyl which is unsubstituted or substituted by C,-C»alkyl. 
c!-c!alkoxy. C-C^lkoxymethyl. C,-C.alkoxyethyl. di(C,-C,-alkyl)am.no. di(C,-C- 
alkylJamino-C-Cjalkyl or halogen, or benzyl or phenylethyl which are 
unsubstituted or substituted by CCalkyl. C-Calkoiy. C,-C,alkoxymethyi. C- 
C 6 alkoxyethyl. di(C,-C.-alkyl)amino. di(C,-C,-alkyl)amino-C.-C,-alkyl or halogen 

70. A composition according to claim 62. wherein the niobium or tantalum 
compound is that of the formula XVIII 

Me — R M (XVIII) 

/ \ 



in which 

Me is Nb(V) or Ta(V). 

at least two of the radicals R„ to R« are a radtcal CH.-R of the tormuia XI 
according to claim 66; 

two of the other radicals of R„ to R„ together are =0 or =NR„ and R.. « hnear 
or branched C,-C„alkyl which is unsubstituted or substituted by C-C-a* *y. 
C,-or C.cycloalkyl which is unsubstituted r substituted by C-C,aikyi C C,a*o«y 
or hatogen, phenyl which is unsubstituted or substrtuted by C-C,3ikyi C- 
Calkoxy. C,-C,alkoxymethyl. C,-C.alk xyethyl. d.(C-<Vaikyl}am.no d.(C C,- 
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alkyl)amino-C,-C,alkyl or halogen, or benzyl or phenylethyl which are 
unsubstituted or substituted by C,-C,alkyl. C,-C,alkoxy. C,-C,alkoxymethyl. C,- 
Calkoxyethyl. di<C,-C»-alkyl)amino. dKCrC.alkylJamino-CrCjalkyl or halogen; 
and/or 

the other radicals ofR^toR,. independently of one another are secondary amino 
having 2 to 18 C atoms. R*»0-. R^S-, halogen, cyclopentadienyl or bridged 
biscyclopentadienyl or a neutral ligand. in which the R« independently of one 
another are linear or branched C,-C„alkyl which is unsubstituted or substituted by 
C-Calkoxy or halogen. C s - or Ccydoalkyl which is unsubstituted or substituted 
by C,-C.alkyl. C,-C,alkoxy or halogen, phenyl which is unsubstituted or substrtuted 
by C-Calkyl, C-Calkoxy, C,-C t alkoxymethyl. C,-C*lkoxyethyl. 
dKC-CealkyDamino. di(C,-C.alkyl)amino^,-C,alkyl or halogen, or benzyl or 
phenylethyl which are unsubstituted or substituted by C,-C.alkyl. C,-C,alkoxy. 
C-Calkoxymethyl. C-C^lkoxyethyl. dKC-CalkyDamino. dKC-CalkyDammo-C- 
Calkyl or halogen. 

71 . A composition according to claim 1 . wherein the titanium(IV) compound is that 

of the formula XX 

\f (XX), 



in which 

at least two of the radicals R,, to R w are a radical -CH,-P of the formula XI 
according to claim 66; and 

the other radicals R. 7 to R„ are secondary amino having 2 to 18 C atoms. R*0-. 
R4J S- halogen, cyclopentadienyl or bridged biscyclopentadienyl or a neutral 
ligand. in which th R45 independently of one another are linear or branched 
C-Calkyl which is unsubstituted or substituted by C,-C,alkoxy or halogen. C s - or 
Ccydoalkyl which is unsubstituted or substituted by (VCalkyl. C-Calkoxy or 
halogen phenyl which is unsubstituted or substituted by C,-C.alkyl. C,-C,alk xy. 
C-Calkoxymethyl. C-Calkoxyethy.. dKC-C,a.ky.)amin . di(C^.a«ky.)amino- 
C-Calkyl or halogen, or benzyl r pheny.ethyl which are unsubstituted or 
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substituted by C,-C 6 alkyl. C,-C.alkoxy. C,-C.alkoxymethyl. C-C.alkoxyethyl. 
di(C,-C,alkyl)amino. dHC.-QallcyOamino-C.-Caalkyl or halogen. 

72. A composition according to claim 62. wherein the phosphine ligands 
correspond to the formulae XXIII or XXIIIa 



R^RnP-Z.-PR^Rw 



(XXIIIa). 



in which R„. R« and R« independently of one another are H, C-CValkyl. 
C,-C„alkoxy. C 4 -C„cycloalkyl or cyctoaOcoxy which are unsubstituted or 
substituted by C,-C,alkyl. C,-CJ>aloalkyl or C,-C,alkoxy or C 9 -C,aaryl or 
C,-C,.aryloxy which are unsubstituted or substituted by C,-C,alkyl. C,-C.haloalkyl 
or C-Calkoxy. or CrC,.aralkyl or Cr-C„aralkyloxy which are unsubstituted or 
substituted by C,-C*»lkyl. C,-C,haloalkyl or C,-C 6 alkoxy; the radicals R,, and R„ 
tog ther are tetra- or pentamethylene or tetra- or pentamethylenedioxyl which are 
unsubstituted or substituted by C,-C,alkyl. C-Chaloalkyl or C,-C 6 alkoxy. or tetra- 
or pentamethylene or tetra- or pentamethylenedioxyl which are unsubstituted or 
substituted by Chalky!. C,-C,haloalkyl or C,-C,alkoxy and fused wHh 1 or 2 

1 .2- phenylene. or tetramethylenedioxyl which is unsubstituted or substituted by 
C,-C 9 alkyl. C-Chaloalkyl or C,-C,alkoxy and is fused in the 1 .2- and 3.4-positions 
with 1.2-phenylene. and R„ has the abovementioned meaning; and 

Z, is linear or branched C r C 12 alkylene which is unsubstituted or substituted by 
C-C^alkoxy. 1.2- or 1.3-cycloalkylene having 4 to 8 C atoms, which is 
unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or 1.2- or 

1 .3- heterocycloalkylene having 5 or 6 ring members and one heteroatom from tne 
group consisting of O or N. which is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C«alkoxy. 

73. A composition according to claim 62. wherein the ruth nium or osmium 
compound is that of on f the formulae XXV to XXVf 
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/ODD DM Up J *l7h. 


(XXV). 




fXXVa) 




(XXVb). 


(R^R 9S R«P)3UMe J *(Z , -) a 


(XXVc). 


(R^RjeRMPJUUMe'^Z 1 ), 


(XXVd). 


(R l4 R9 9 R98P)L«'-ioMe 2 *(Z 1 ")a 


(XXVe), 




(XXVf). 



in which 

Me is Ru or Os; 

Z in formulae XXV to XXVe is H\ cydopentadienyl. Ct. Br. BF 4 \ PF 6 \ SbF,\ AsF.\ 
CF,SO, . CHrSO,". A-methyl-CHs-SO,". 3.Wimethyl-C,H s -SO,\ 2.4,6-trimethyl- 
CHs-SO," and 4-CF 3 -C,H s -SO,- and in formula XXVf is H". cydopentadienyl, BF/. 
PF,\ SbF,-. AsF.\ CF a SO, . C,rVSO,\ 4-methyl-C 9 rVSCy. 2.6-dimethyl-C,H s - 
SO,\ 2.4.6Mrimethyl-C 6 Hs-SCV or 4-CF,-CH 5 -S0 3 ; 

R„. R« and R„ independently of one another are C,-C,alkyl, or cydopentyl or 

cydohexyl or cydopentyloxy or cydohexyloxy which are unsubstituted or 

substituted by 1 to 3 C,-C 4 alkyl. or phenyl or benzyl or phenyloxy or benzyloxy 

which are unsubstituted or substituted by 1 to 3 C,-C 4 alkyl; 

U is C.-C,,arene or C,-C ?B heteroarene which are unsubstituted or substituted by 1 

to 3 C,-C«alkyl, C,-C«alkoxy. -OH. -F or CI; 

L, is C-Cealkyl-CN. benzonitrile or beruylnitrile; and 

L 10 is H,OorC,-C,alkanol. 

74 A composition according to claim 62. wh rein the ruthenium or osmium 
compound is that of ne of the formulae XXVI. XXVIa. XXVIb. XXVIc and XXVId 

Me J *(L„) 2 (L, a )(Y,') 2 



(XXVI). 
(XXVIa). 
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Me , *(L, 1 ) 2 L 13 (Y,") 
Me 2 *L„(Li»)3(Yt')i 



(XXVlb). 
(XXVIc). 
(XXVld). 



in which 

Me is Ru or Os; 

Y, is the anion of a monobasic acid; 

, * «h« C nhin« nf the formula XXIII or XXIIIa according to daim 72. 
L 12 is a neutral iigand; 

L„ is cydopentadienyl which is unsubstituted or substituted by C,-C 4 alkyl; and 
L 14 is CO. 

75. A process for the preparation of crosslinked polymers by metathesis 
polymerization, wherein a composition of 

(a) a catalytic amount of a one-component catalyst for metathesis polymerization 

JbTat least one polymer with strained cycloalkenylene radicals bonded in the 
polymer backbone, alone or mixed with strained cydoolefins, 

(c) is polymerized by heating, 

(d) is polymerized by irradiation. 

(e) is polymerized by heating and irradiation. 

(f) the one^omponent catalyst is activated by brief heating and the polymenzation 
is brought to completion by irradiation, or 

(g) the one-component catalyst is activated by brief irradiation and the 
polymerization is brought to completion by heating. 

76. A process according to daim 75. wherein the heating is carried out at a 
temperature of 50 to 300°C. 

77 A crosslinked metathesis polymer of at least one polymer with strained 
cydoalkenyl radicals bonded in the polym r backbone, alone or mixed w.th 

strained cydoolefins. 

78. A coated carrier material, wherein a lay r of a composition according to daim 

1 is applied to a substrat . 



- 140- 



79. A coated carrier material with a crosslink* layer of a composition according to 

claim 1. 

80 A shaped artide of crosslinked metathesis polymers of at least one polymer 
with strained cyctoalkenylene radicals bonded in the polymer backbone, alone or 
as a mixture with strained cycloolefins. 

_ . w »h» nr^naraHnn nf coated materials or relief images on carrier 

material, in which a composition according to Cairn 1 and. K desire* a solvent 
are applied as a layer to a carrier, if desired the solvent is removed, and the layer 
is irradiated or heated for polymerization, or the layer is irradiated through a 
photomask and the non-irradiated portions are then removed with a solvent, and. 
rf desired, the resulting relief image is after-heated. 

82. A polyepoxide with recurring structural elements chosen from the group of 
structural elements of the formulae (b). (c). (d) and (e) 

[-CHj-CHCOHVCr^-O-R^.CKJHrCHCOHKHrO- 0». 

-rvc < c >' 

{-CHj-CH^HKHrO-RorO-CHrC^Orfl-C^-O- 
-Ros-O- 

with the proviso that they contain at least structural elements of the formulae [sic] 
(b) or (c) or both, in which and R« independently of one another are a d,va,ent 
radical of a strained cyclootefin or a divalent radical with a strained cycloolefu, 
is a divalent radical of a diglycidy. ether reduced by the glycidyloxy groups and Re 
is a divalent radical of a diol reduced by the hydroxyl group. 

83 A polyester having identica. or different structural elements chosen from me 
group of structural dements of the formulae (0. (9). <*> and (i). where at least the 
structure elem nts of the formulae Isic) (f) or (g) or both must be present 



(d) . 

(e) . 
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-C(0>-Ro,-C<0)- W. 
-O-Ro.0-0- (9> ' 
-C(0)-Ro„-C<0)- (h) - 

in which R« and R** independently of one another are a divalent radical of a 
strained cydoolefin or a divalent radical with a strained cycloolefin. R,,, is a 
divalent radical of a dicarboxylic acid reduced by the carboxyl groups and R, 12 .3 a 
divalent radical of a dlol reduced by the hydroxyl group. 

84 A polyamide having identical or different structural elements chosen from the 
group of structural elements of the formulae G). 00. CD and (m), where at least the 
structural elements of the formulae [sic] 0) or (k) or both must be present 

-NH-fWNH- (k) ' 

-C(0)-Ro,rC(0)- (,) ' 

-NH-Ro«-NH- (m) * 

in which Ro„ and Ro„ independently of one another are a divalent radical of a 
strained cycloolefin or a divalent radical with a strained cycloolefin. R™ is a 
rf,valent radical of a dicarboxylic acid reduced by the carboxyl groups and Ro,. . a 
divalent radical of a diamine reduced by the amino groups. 

85 A polyurethane and polyurea or copolymer thereof having identical or different 
structural elements chosen from the group of structural elements of the formula 
(n), (o). (p) and (q). wher at least the structural elements of the formulae {s,c) (n) 
or (o) or both must be present 
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-C(0)-NH-R,, r NH-C(0)- (n) - 
-Xoa-Roii'^ou" 

-C(0)-NH-Roi,-NH-C(0)- (p) ' 
-Xoa-Roao'Xoa* 

in which Ro, and R*. independently of one another are a divalent radieai of a 
strained cycloolefin or a divalent radical with a strained cydoolefin. R,,. . a 
divalent radical of a diisocyanate reduced by the cyanate groups and R«o • a 

and the X„ independently of one another are -O- or -NH-. 

86 A copolymer of strained cydoolefins with fused at least bicydic cydoaKphatic 
dienes which contain at least two olefin* double bonds in different rings and 
ethylenically unsaturated comonomers. with the exception of copolymers of 
norbornene with ethylene and. if desired, further olefinic comonomers. 

87. A copolymer according to daim 86. wherein it contains recurring strudural 
elements of the formula (r) and of the formula (s) 

(0 

=CH-R«,-CH= 

?- > (s). 

— c v 



024 



to ^di re c«yor«aal US «J-.nc^<«lkylr.nn 9 h W na5.o«C 

atoms; 



Rc72 



*Tf. C-C^M. -COOH. XeOKXVCrfW. -C<0)-NH.C,C„alM or 
•C(0)-NH,; 
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ii isH F.aCMorCrCa** 

M F CI CN OH C-CaW. c,-c„aii«wy. P»»nyl «•>«* » 

-cctocahM. ■<**•«► w ' C00H ' - c < 0 '• N ^ : •• C •' a " <,, 

«oT<U,^M. -CfOH* - -C^-NH-C.-CalKy.: - 
i S H,ForC,-C«alkyl. 

. „ -, rjchone wi ,iw. id a metathesis polymers ef strained 
^ooWn, w*h a ^ *«ca»» — ' 

atoms. 

89 a pc^er accord to c*m 88. wherein the metals polymer contains 
recurring structural elements of the formula (t) 

—CH-CH- (t). 
\ / 
A, 

' inv^ichA,ismono-orb i cydicC 5 -C,cyc.oa.Keny te ne. 

oo A corner accord to olaim 88. wherein the metathesis polymer (lacuna, 
r curring structural units of the formula (u) 

— CH-CH- fW (U) 
\/ 
A, 



structural lements of the formula (w) 
-CH=CH-Ro»- 



andr curring; 

(w) 
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. ,h »h* CH-CH- group, is bicyclic C s -C.cycloalkenylene. 

formula (s) according to clam 87. 

^ K^-irhone which is a homo- or copolymer of 
rrm^» - -eacfc* P*t» or comply op.0- 

92 A ^^n 9tt c l , W 9,^U W po.-ccn. i ns™ art . 9 
5W dutalelen«nB0f»»f0«n<>i"a«) 

—CH-CH- (')■ 
\ / 
A, 

in^chA^mcnc-orb^cC^*.^,^. 

^^^^.^^^^^ 
structural units of the formula (y) 

?* 7 (y) 
-H,C-CH-C— CH,- 

A, 

and recurring structural elements of the formula (z) 

(2). 

_CH,-CH=CRo2rCH 2 - 



87. 
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Pn tymerfra hte corn 
andcrpsslinked£o!ym^ 



orL 



■rtion of cfO eelin>f * >rf polvmers. 



Abstract 



cydoalkenylenerad ca rflmDOSit i on can be polymerized thermally or 
shaped articles, coatings and relief Images. 



